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OBJECTS    AND    RULES 


OP 


THE  ASSOCIATION. 


OBJECTS. 

The  Associatiom  contemplates  no  interference  with  the  ground  occupied  by 
other  Institutions.  Its  objectl^  are, — To  give  a  stronger  impulse  and  a  more 
systematic  direction  to  scientific  inquiry, — to  promote  the  intercourse  of  those 
who  cultivate  Science  in  different  parts  of  the  British  Empire,  with  one  an- 
other, and  with  foreign  philosophers, — to  obtain  a  more  general  attention  to 
the  objects  of  Science,  and  a  removal  of  any  disadvantages  of  a  public  kind 
which  impede  its  progress. 

RULES. 

ADMISSION  OF  MEMBERS  AND  ASSOCIATES. 

All  Persons  who  have  attended  the  first  Meeting  shall  be  entitled  to  be- 
come Members  of  the  Association,  upon  subscribing  an  obligation  to  con- 
form to  its  Rules. 

The  Fellows  and  Members  of  Chartered  Literary  and  Philosophical  So- 
cieties publishing  Transactions,  in  the  British  Empire,  shall  be  entitled,  in 
like  manner,  to  become  Members  of  the  Association. 

The  Officers  and  Members  of  the  Councils,  or  Managing  Committees,  of 
Philosophical  Institutions,  shall  be  entitled,  in  like  manner,  to  become  Mem- 
bers of  the  Association. 

All  Members  ot*  a  Philosophical  Institution  recommended  by  its  Council 
or  Managing  Committee,  shall  be  entitled,  in  like  manner,  to  become  Mem- 
bers of  the  Association. 

Persons  not  belonging  to  such  Institutions  shall  be  elected  by  the  General 
Committee  or  Council,  to  become  Life  Members  of  the  Association,  Annual 
Subscribers,  or  Associates  for  the  year,  subject  to  the  approval  of  a  General 
Meeting. 

COMPOSITIONS,  SUBSCRIPTIONS,  AND  PRIVILEOES. 

Life  Members  shall  pay,  on  admission,  the  sum  of  Ten  Pounds.  They 
shall  receive  grtUuiUnisly  the  Reports  of  the  Association  which  may  be  pub* 
lifthed  after  the  date  of  such  payment.  They  are  eligible  to  all  the  offices 
of  the  Association. 

Ahkual  Subscribers  shall  pay,  on  admission,  the  sum  of  Two  Pounds, 
sod  in  each  following  year  the  sum  of  One  Pound.  They  shall  receive 
gratuUausly  the  Reports  of  the  Association  for  the  year  of  their  admission 
sad  for  the  years  in  which  they  continue  to  pay  wUhoui  intermUiion  their 
Amiual  Subscription.  By  omitting  to  pay  this  Subscription  in  any  particu- 
lar year.  Members  of  this  class  (Annual  Subscribers)  lose  for  tha(  and  all 
future  year*  the  privilege  of  receiving  the  volumes  of  the  Association  gratis : 
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but  they  may  resume  their  Membership  and  other  privileges  at  any  sub- 
sequent Meeting  of  the  Association,  paying  on  each  such  occasion  the  sum  of 
One  Pound.     They  are  eligible  to  all  the  Offices  of  the  Association. 

Associates  for  the  year  shall  pay  on  admission  the  sum  of  One  Pound. 
They  shall  not  receive  gratuitouily  the  Reports  of  the  Association,  nor  be 
eligible  to  serve  on  Committees,  or  to  hold  any  office. 

The  Association  consists  of  the  following  classes  :»— 

1.  Life  Members  admitted  from  1831  to  1845  inclusive,  who  have  paid 
on  admission  Five  Pounds  as  a  composition. 

2.  Life  Members  who  in  1 846,  or  in  subsequent  years,  have  paid  on  ad- 
mission Ten  Pounds  as  a  composition* 

S,  Annual  Members  admitted  from  ISSl  to  1839  inclusive,  subject  to  the 
payment  of  One  Pound  annually,  [may  resume  their  Membership  afler  inter- 
mission of  Annual  Payment.] 

4.  Annual  Members  admitted  or  to  be  admitted  in  any  year  since  1839, 
Bubiect  to  the  payment  of  Two  Pounds  for  the  first  year,  and  One  Pound  in 
each  following  year,  [may  resume  their  membership  after  intermission  of 
Annual  Payment.] 

5.  Associates  for  the  year,  subject  to  the  payment  of  One  Pound. 

6.  Corresponding  Members  nominated  by  the  Council. 

And  the  Members  and  Associates  will  be  entitled  to  receive  the  annual 
volume  of  Reports,  gratist  or  to  purchase  it  at  reduced  (or  Members')  price, 
according  to  the  following  speciOcation,  viz. : — 

1 .  Gratis. — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 
sition for  Annual  Payments,  and  Two  Pounds  as  a  Book  Subscrip- 
tion. 
New  Life  Members  who  shall  have  paid  Ten  Pounds  as  a  composition. 
Annual  Members  who  have  not  intermitted  their  Annual  Subscription. 
a*  At  reduced  or  Members*  Prices. — Old  Life  Members  who  have  paid 
Five  Pounds  as  a  composition  for  Annual  Payments,  but  no  Book 
Subscription. 
Annual  Members,  who,  having  paid  on  admission  Two  Pounds,  have 

intermitted  their  Annual  Subscription  in  any  subsequent  year- 
Associates  for  the  year.     [Privilege  confined  to  the  volume  for  that 
year  only.  3 
Subscriptions  shall  be  received  by  the  Treasurer  or  Secretaries. 

MEETINOS. 

The  Association  siiall  meet  annually,  for  one  week,  or  longer.  The  place 
of  each  Meeting  shall  be  appointed  by  the  General  Committee  at  the  pre- 
vious Meeting ;  and  the  Arrangements  for  it  shall  be  entrusted  to  the  Offi- 
cers of  the  Association. 

GENERAL  COmCITTBE. 

The  General  Committee  shall  sit  during  the  week  of  the  Meeting,  or 
longer,  to  transact  the  business  of  the  Association.  It  shall  consist  of  the 
following  persons : — 

1.  Presidents  and  Officers  for  the  present  and  preceding  years,  with  au- 
thors of  Reports  in  the  Transactions  of  the  Association. 

2.  Members  who  have  communicated  any  Paper  to  a  Philosophical  Society* 
which  has  been  printed  in  its  Transactions,  and  which  relates  to  such  subjects 
as  are  taken  into  consideration  at  the  Sectional  Meetings  of  the  Association. 

3.  Office-bearers  for  the  time  being,  or  Delegates,  altogether  not  exceed- 
ing three  in  number,  from  r  *^ical  Society  publishing  Transactions, 
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4.  Office-bearers  for  the  time  being,  or  Delegates^  not  exceeding  three, 
from  Philosophical  Institutions  established  in  the  place  of  Meeting,  or  in  any 
place  where  the  Association  has  formerly  met. 

5.  Foreigners  and  other  individuals  whose  assistance  is  desired,  and  who 
are  specially  nominated  in  writing  for  the  meeting  of  the  year  by  the  Presi- 
dent  and  General  Secretaries. 

6.  The  Presidents,  Vice-Presidents,  and  Secretaries  of  the  Sections  are  ex 
aficio  members  of  the  General  Committee  for  the  time  being. 

SECTIOHaL  C0MMITT£BS* 

The  Grenerai  Committee  shall  appoint,  at  each  Meetins,  Committees,  con- 
sisting severally  of  the  Members  most  conversant  with  the  several  branches 
of  Science,  to  advise  together  for  the  advancement  thereof. 

The  Committees  shall  report  what  subjects  of  investigation  they  would 
particularly  recommend  to  be  prosecuted  during  the  ensuing  year,  and 
brought  under  consideration  at  the  next  Meeting. 

The  Committees  shall  recommend  Reports  on  the  state  and  progress  of 
particular  Sciences,  to  be  drawn  up  from  time  to  time  by  competent  persons, 
for  the  information  of  the  Annual  Meetings. 

COXHITTSB  OF  RECOMMBHDATIONS. 

The  General  Committee  shall  appoint  at  each  Meeting  a  Committee,  which 
shall  receive  and  consider  the  Recommendations  of  the  Sectional  Committees, 
and  report  to  the  General  Committee  the  measures  which  they  would  advise 
to  be  adopted  for  the  advancement  of  Science. 

All  Recomni«.dations  of  Grants  of  Money,  Requests  for  Special  Re- 
searches, and  Reports  on  Scientific  Subjects,  shall  be  submitted  to  the  Com- 
mittee of  Recommendations,  and  not  taken  into  consideration  by  the  General 
Committee,  unless  previously  recommended  by  the  Committee  of  Recommen- 
dations. 

LOCAL  comcnTBEs. 

Local  Committees  shall  be  formed  by  the  Officers  of  the  Association  to 
assist  in  making  arrangements  for  the  Meetings. 

Local  Committees  shall  have  the  power  of  adding  to  their  numbers  those 
Members  of  the  Association  whose  assistance  they  may  desire. 

OFFICE  as. 

A  President,  two  or  more  Vice-Presidents,  one  or  more  Secretaries,  and  a 
Treasurer,  shall  be  annually  appointed  by  the  General  Committee. 

COUNCIL. 

In  the  intervals  of  the  Meetings,  the  affiurs  of  the  Association  shall  be 
managed  by  a  Council  appointed  by  the  General  Committee.  The  Council 
may  also  assemble  for  the  despatch  of  business  during  the  week  of  the 
Meeting. 

PAPERS  AND  COMMUNICATIONS. 

Hie  Antbor  of  any  paper  or  communication  shall  be  at  liberty  to  reserve 
his  r^ht  of  property  therein. 

ACCOUNTS. 

The  Accounts  of  the  Association  shall  be  audited  annually,  by  Auditors 
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Report  of  thb  Proceedings  op  tub  Council  in  1845-46,  presented  to  tiis 
General  Committee  at  Southampton,  Wednesday,  Sept.  9, 1846. 


Report  of  the  Council  to  the  General  Committee, 

1.  The  Council  have  the  very  satisfactory  duty  to  perform,  of  reporting  to 
the  General  Committee  that  the  resolutions  of  the  Magnetical  and  Meteoro- 
logical Conference,  adopted  by  the  General  Committee  at  Cambridge,  on 
the  25th  of  June  1845,  were  submitted  to  the  Right  Hon.  Sir  Robert  Peel, 
Bart.,  by  the  President  Sir  John  Herschel,  Bart.,  accompanied  by  a  commu- 
nication from  the  Marquis  of  Northampton,  President  of  the  Royal  Society, 
conveying  the  concurrence  of  that  body  in  the  recommendations  contained 
therein ;  that  they  received  a  very  favourable  consideration  from  Her  Ma- 
jesty's Government,  and  that  the  recomnlendations  connected  with' the  British 
observatories,  both  at  home  and  in  the  Colonies,  are  in  progress  of  being 
carried  out.    The  resolutions  relating  to  the  East  Indian  observatories  and 
surveys  have  met  with  an  equally  favourable  reception  from  the  Hon.  Court 
of  Directors  of  the  East  India  Company,  and  the  recommendations  which  they 
contained  have  been  approved  and  sanctioned.     In  accordance  with  the  re- 
solutions passed  at  Cambridge,  therefore,  the  magnetic  observatory  at  Green- 
wich is  permanently  continued  upon  the  most  extensive  and  efficient  scale. 
The  magnetical  and  meteorological  observations  are  constituted  a  permanent 
branch  of  the  duties  of  the  astronomical  observatories  at  the  Cape  of  Good 
Hope,  Bombay  and  Madras,  and  arrangements  are  in  progress  for  making 
them  also  a  permanent  branch  of  the  observations  to  be  made  at  the  Obser« 
vatory  at  Paramatta.     The  detachment  of  the  Royal  Artillery,  by  whom  th< 
duties  at  the  Cape  of  Good  Hope  have  been  hitherto  performed,  has  beei 
relieved  by  a  permanent  increase  in  the  civil  strength  of  the  Astronomical  Ob 
servatory  at  that  station,  and  in  like  manner  the  officers  of  the  Royal  Navy 
who  now  form  the  establishment  of  the  observatory  at  Van  Diemen  Island 
will  be  relieved  as  soon  as  the  civil  establishment  at  Paramatta  is  completed 
'  The  Ordnance  Observatories  at  Toronto  and  St.  Helena  are  continued  unti 
the  close  of  1848. 

With  reference  to  the  recommendations  relating  to  magnetic  surveys. 
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mimetic  sunrey  of  the  Indian  Seas  by  Lieut.  Elliot,  of  the  Madras  Engineers, 
has  received  the  sanction  of  the  Hon.  Court  of  Directors  of  the  East  India 
Company,  and  is  now  in  progress.  Also  in  the  present  summer,  Lieut.  Moore, 
of  the  Royal  Navy,  proceeded  under  the  direction  of  the  Lords  of  the  Ad- 
miralty to  Hudson's  Bay,  in  one  of  the  vessels  belonging  to  the  Hndsoif  s  Bay 
Company,  for  the  purpose  of  connecting  the  observations  of  the  Canadian 
Survey  with  those  which  the  Expedition  under  Sir  John  Franklin  is  making 
in  the  seas  to  the  north  of  the  American  Continent 

bi  accordance  vrith  the  recommendation  concerning  the  co-operation  of 
foreign  magnetical  and  meteorological  observatories,  communications  were 
made,  on  the  application  of  the  President,  by  the  Earl  of  Aberdeen,  Her  Ma- 
jesty's principal  Secretary  of  State  for  Foreign  Affairs,  to  the  governments  of 
Russia,  Austria,  Prussia,  Belgium,  Sweden  and  Spain,  from  all  of  whom  very 
iavourable  replies  have  been  received. 

2.  The  resolution  passed  by  the  General  Committee,  to  the  effect  "  that 
it  is  highly  desirable  to  encourage,  by  specific  pecuniary  reward,  the  im- 
provement of  self-recording  magnetical  and  meteorological  apparatus,  and 
that  the  Presidents  of  the  Royal  Society  and  of  the  British  Association  be 
requested  to  solicit  the  favourable  consideration  of  Her  Majesty's  Govern- 
ment to  this  subject,'*  has  been  brought  under  the  notice  of  Government, 
and  arrangements  have  been  made  to  carry  the  recommendation  into  effect. 
Whilst  on  this  subject  the  Council  has  also  much  pleasure  in  noticing  that 
the  President  and  Council  of  the  Royal  Society  have  granted  £50  from  the 
Wollaston  Donation  Fund  to  assist  in  the  construction  of  apparatus  devised 
by  Mr.  Ronalds  for  the  self-registry  of  magnetical  and  meteorological  instru- 
ments ;  which  apparatus  is  in  progress  of  completion  at  the  Observatory  of 
the  British  Association  at  Kew.  The  Council  are  persuaded  that  the  Gene- 
ral Committee  will  view  with  satisfaction  this  co-operation  of  the  Royal  So- 
ciety and  British  Association  for  objects  common  to  both,  and  for  which  the 
Observatory  at  Kew  furnishes  a  very  convenient  locality. 

3.  The  General  Committee  at  Cambridge  having  passed  a  resolution, 
**  That  it  be  referred  to  the  Council  to  take  into  consideration,  before  the 
next  Meeting  of  the  Association,  the  expediency  of  discontinuing  the  Kew 
Observatory," — the  Council  appointed  a  Committee,  consisting  of  the  Presi- 
dent (Sir  John  Herschel),  the  Dean  of  Ely,  the  Astronomer  Royal,  Professors 
Graham  and  Wheatstone,  and  Lieut.-Colonel  Sabine,  to  collect  information 
on  the  scientific  purposes  which  the  Kew  Observatory  has  served,  and  on  its 
general  usefulness  to  science  and  to  the  Association ;  from  whom  they  re- 
ceived the  following  report : — 

"  Kew  Observatory,  May  7, 1846.  Pr«e/if,— Sir  J.  F.  W.  Herschel,  Bart., 
the  Astronomer  Royal,  Professors  Graham  and  Wheatstone,  and  Lieut.- 
Colonel  Sabine. 

**  Affer  an  attentive  examination  of  the  present  state  of  the  establishment, 
and  of  other  matters  connected  therewith,  the  following  resolutions  were 
unanimously  adopted,  viz. — 

**  That  it  be  recommended  to  the  General  Committee  that  the  establish- 
ment at  Kew,  the  occupancy  of  which  has  been  granted  by  Her  Majesty 
to  the  British  Association,  be  maintained  in  its  present  state  of  effi- 
ciency:— 

**  1.  Because  it  affords,  at  a  very  inconsiderable  expense,  a  local 
habitation  to  the  Association,  and  a  convenient  depository  for 
its  books,  manuscripts  and  apparatus. 
*'  2,  Because  it  has  afforded  to  Members  of  the  Association  the  means 
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of  prosecuting  many  physical  inquiries  which  otherwise  would 
not  have  been  entered  upon. 

"  S.  Because  th^  establishment  has  already  become  a  point  of  interest 
to  scientific  foreigners,  several  of  whom  have  visited  it. 

"  4.  Because  the  grant  of  the  occupancy  of  the  building  by  Her  Ma- 
jesty, at  the  earnest  request  of  the  British  Association,  is  an  in- 
stance of  Her  Majesty's  interest  in,  and  approval  of,  the  objects 
of  the  Association. 

"  5.  Because,  if  the  Association  at  the  present  time  relinquish  the 
establishment,  it  will  probably  never  again  be  available  for  the 
purposes  of  science. 

"  6.  Because  it  appears,  both  from  the  publications  of  the  British  As- 
sociation and  from  the  records  in  progress  at  the  establishment, 
that  a  great  amount  of  electrical  and  meteorological  observation 
has  been  and  continues  to  be  made,  and  that  a  systematic  inquiry 
into  the  intricate  subject  of  atmospheric  electricity  has  been  car- 
ried out  by  Mr.  Ronalds,  which  has  been  productive  of  very  ma- 
terial improvements  in  that  subject,  and  has  in  effect  furnished 
the  model  of  th6  processes  conducted  at  the  Royal  Observatory « 
and  because  these  inquiries  are  still  in  progress  under  local  cir- 
cumstances extremely  favourable. 

*'  7.  Because  other  inquiries  into  the  working  of  self-registering  ap- 
paratus, both  meteorological  and  magnetical,  are  in  actual  pro- 
gress at  the  establishment,  and  that  there  is  a  distinct  prospect 
of  the  facilities  it  affords  being  speedily  much  more  largely  pro- 
fited by. 

**  8.  Because  the  access  to  the  Observatory  from  London  to  Members 
of  the  Association  will  shortly  be  greatly  improved  by  railroads, 
and  because  the  local  facilities  and  conveniences  of  the  esta** 
blishment  have  been  very  greatly  enhanced  by  alterations  in  its 
relations  to  the  Commissioners  of  Woods  and  Forests. 

"J.  F.  W.  Herschel,  Chairman" 

In  presenting  this  Report  to  the  General  Committee,  the  Council  requests 
that  it  may  be  understood  to  convey  also  the  opinion  of  the  Council. 

4.  The  Council  has  received  a  letter  from  the  honorary  Secretary  of  the 
Literary  and  Philosophical  Institution  at  Cheltenham,  expressing,  on  the  part 
of  the  Members  of  that  Institution,  deep  regret  that  "  circumstances  have 
arisen  which  render  uncertain  their  being  able  to  give  the  British  Association 
that  welcome  and  generous  reception  which  it  would  be  their  desire  to  do, 
and  which  they  last  year  felt  that  they  would  have  done  had  the  Association 
been  so  circumstanced  as  to  have  accepted  the  invitation  for  the  summer  of 
1846." 

5.  The  Council  has  been  informed  by  a  letter  from  W.  H.  Grove,  Esq., 
F.R.S.,  that  a  deputation  has  been  appointed  by  the  Mayor  and  Corporation 
of  Swansea,  the  principal  inhabitants,  magistracy  and  country  gentlemen  of 
the  neighbourhood,  and  by  the  Members  of  the  Royal  Institution  of  South 
Wales,  to  attend  the  Meeting  at  Southampton,  for  the  purpose  of  inviting 
the  British  Association  to,  hold  their  annual  Meeting  at  Swansea  at  as  early 
a  period  as  may  suit  their  convenience. 

Souiliampton^  September  9,  1846. 
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Recommendations  adopted  bt  the  General  Committee  at  the 
Southampton  Meeting  in  SeptembeK  1846. 


Involving  Applications  to  Government  and  Public  fnstituiioHS. 

That  Her  Majesty's  Government  be  requested  to  direct  the  publication  of 
the  Meteorological  Observations  made  by  the  Officers  of  the  Irish  Trigono- 
metrical Survey  at  Mountjoy  and  the  Pigeon  House  since  the  year  1834. 

That  application  be  made  to  Her  Majesty's  Government,  to  direct  that 
during  the  progress  of  the  Ordnance  Trigonometrical  Surveys  in  the  North 
of  Scotland,  the  so-called  parallel  roads  of  Glen  Roy  and  the  adjoining  coun- 
try be  accurately  surveyed,  with  the  view  of  determining  whether  they  are 
truly  parallel  and  horizontal,  the  intervening  distances,  and  their  elevations 
above  the  present  Sea-level* 


Recommendations  for  Reports  and  Researches  not  involving  Grants  of  Money* 

That  Mr.  Hopkins  be  requested  to  furnish,  at  the  next  Meeting  of  the  As- 
sociation, a  Report  on  the  Theory  of  such  movements  and  displacements  of 
the  Earth's  Crust,  as  may  be  connected  with  Earthquakes. 

That  Mr.  Mallet  be  requested  to  furnish,  at  the  same  time,  a  Report  of 
the  Static  and  Dynamic  Facts  which  have  been  observed  to  be  the  results  of 
Earthquakes,  or  connected  with  them. 

That  Mr.  Ellis  be  requested  to  continue  bis  Report  on  the  recent  Progress 
of  Analysis. 

That  Professor  Edward  Forbes  be  requested  to  prepare  a  Report  on  the 
State  of  our  knowledge  of  the  Acalephae. 

That  Mr.  J.  Scott  Russell  be  requested  to  prepare  a  Report  on  the  pre- 
sent condition  of  the  Science  of  Naval  Construction,  including  Steam  Navi- 
gation. 

That  Mr.  Robert  Mallet  be  requested  to  continue  his  inquiry  into  the 
Corrosion  of  Iron  Rails  in  and  out  of  use. 

That  Mr.  Robert  Hunt  be  requested  to  continue  his  investigations  with 
the  Actinograph,  and  that  Mr.  Ronalds  be  associated  with  him  (the  instru- 
ment to  be  placed,  at  Kew). 

That  Mr.  Robert  Hunt  be  requested  to  continue  bis  investigations  on  the 
Influence  of  Light  on  the  Growth  of  Plants. 

That  a  Committee,  consisting  of  The  Master  of  Trinity  College,  Cam- 
bridge, and  Capt.  Sir  James  C.  Ross,  R.N.,  be  requested  to  draw  up  a  Plan 
for  a  Naval  Expedition  for  the  purpose  of  completing  our  knowledge  of  the 
progress  of  the  Tides. 

That  the  Master  of  Trinity  College,  Cambridge  be  requested  to  draw  up 
brief  Instructions  for  Tide -observations  by  Voyagers  and  Surveyors,  with  a 
view  to  a  speedy  determination  of  the  course  of  the  Tide- wave. 

That  Professor  Forchhammer's  paper  on  Sea-Currents  be  printed  entire 
among  the  Reports  of  the  Association. 

That  Professor  Owen's  paper  on  the  Homologies  of  the  Cranial  Vertebrae 
be  printed  entire  among  the  Reports  of  the  Association. 
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Recammendaiions  tif  Special  Researches  in  Science,  involving  Grants  of 

Money, 

KBW  OBSSRYATOBT* 

That  the  sum  of  £150  he  placed  at  the  disposal  of  the  Council  for  the 
purpose  of  maintaining  the  establishment  in  Kew  Observatory. 

MATHEMATICAL  AND  PHYSICAL  SCIENCE. 

That  £50  be  placed  at  the  disposal  of  Professor  Erman  for  continuing  and 
completing  the  computation  of  the  Gaussian  Constants  for  1839,  and  that  he 
be  requested  to  superintend  the  same. 

That  Mr.  Birt  be  requested  to  endeavour  to  procure  a  repetition  of  the 
Barometric  Observations  made  during  the  month  of  November  in  former 
years ;  and  that  the  sum  of  £10  be  placed  at  his  disposal  for  the  purpose. 

That  a  provisional  grant  of  £70  be  placed  at  the  disposal  of  the  Committee 
for  the  publication  of  the  Catalogues  of  Lalande  and  Lacaille,  to -enable  them 
to  complete  the  publication  and  distribution  of  those  Catalogues. 

That  a  grant  of  £10  be  made  for  a  new  Anemometer  of  the  Rev.  Dr.  Ro- 
binson's improved  construction,  for  the  use  of  the  Observatory  at  Kew ;  and 
that  Dr.  Robinson  be  requested  to  superintend  its  construction. 

CHEMICAL  SCIENCE. 

That  Dr.  Percy  and  Professor  Miller  be  requested  to  continue  the  exa- 
mination of  Crystalline  Slags,  and  the  quantity  of  impurities  which  perfect 
Crystals  may  contain;  and  that  £20  be  placed  at  their  disposal  for  the 
purpose. 

That  Dr.  Schunck  be  requested  to  continue  his  investigations  on  Colour- 
ing Matters,  and  that  the  sum  of  £10  be  placed  at  his  disposal  for  the 
purpose. 

ZOOLOOT  AND  BOTANY. 

That  Mr.  H.  E.  Strickland,  Dr.  Daubeny,  Professor  Lindley  and  Professor 
Henslow,  be  requested  to  continue  their  experiments  on  the  Vitality  of  Seeds, 
and  that  the  sum  of  £10  be  placed  at  their  disposal  for  the  purpose. 

That  Capt.  Portlock,  R.E.,  be  requested  to  continue  his  investigations  into 
the  Marine  Zoology  of  Corfu  by  means  of  the  dredge,  and  that  the  sum  of 
£10  be  placed  at  his  disposal  for  the  purpose. 

That  a  Committee,  consisting  of  Sir  Charles  Lemon  and  Mr.  Couch,  be 
requested  to  aid  Mr.  Peach  in  his  Researches  into  the  Marine  Zoology  of 
Cornwall,  and  that  the  sum  of  £10  be  placed  at  their  disposal  for  the 
purpose. 

That  a  Committee,  consisting  of  Prof.  E.  Forbes,  Mr.  Goodsir,  Mr.  Pat- 
terson, Mr.  Thompson,  Mr.  Ball,  Mr.  J.  Smith,  Mr.  Couch,  Dr«  Allman, 
Mr.  M'Andrew,  Mr.  Alder,  and  the  Rev.  F.  W.  Hope,  be  requested  to  con- 
tinue their  investigations  into  the  Marine  Zoology  of  Britain  by  means  of  the 
dredge,  and  that  the  sum  of  £10  be  placed  at  their  disposal  for  the  purpose. 

That  Sir  Philip  Egerton,  Professor  Owen,  and  Professor  E.  Forbes,  be  a 
Committee  for  aiding  Mr.  Price  in  his  Researches  into  the  Habits  of  Marine 
Animals,  and  that  the  sum  of  £10  be  placed  at  their  disposal  for  the  purpose* 

That  Mr.  Newport  be  requested  to  draw  up  a  Report  on  the  Scorpionidae 
and  Tracheary  Arachnidae,  and  that  the  sum  of  £10  be  placed  at  the  dis* 
posal  of  Mr.  Spence  and  Mr.  Wollaston  for  the  purpose. 

That  Professor  Owen  and  Mr.  R.  Taylor  be  a  Committee  to  superintend 
the  publication  of  Tabular  Form'' '       '^       "^  to  the  Report  of  periodical  phae- 
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oomena  of  Ammalsand  Vegetables,  and  that  £10  be  placed  at  their  dispoial 
for  the  purpose. 

MXDICAI.  tClBMCa* 

That  a  Committee,  consisting  of  Dr.  J.  Blake  and  Professor  Sharpey,  be 
requested  to  continue  their  Researches  into  the  Action  of  Medicines,  and 
that  the  sum  of  £120  be  placed  at  their  disposal  for  the  purpose. 

That  the  second  and  third  parts  of  Dr.  Carpenter's  Report  on  the  Mi^o- 
scopic  suucture  of  Shells,  be  illustrated  by  lithographic  plates,  not  exceed 
ing  twenty. 


Synopsis  of  Grants  of  Money  appropriated  to  Scientific  Ofy'ects  by  the 

General  Committee  at  the  Southampton  Meeting^  September  1845^ 

with  the  Name  qf  the  Member^  who  alone  or  as  the  first  qfa  Com* 
mittee,  is  entitkd  to  draw  for  the  Money. 

Kew  Observatory*                             £  s.  cf. 

For  maintaining  the  establishment  in  Kew  Observatory  under 

the  direction  of  the  Council    •• 150  0  0 

Maihematxcal  and  Physical  Science. 

Eem Air»  A. — For  Computation  of  the  Gaussian  Constants  for 

1839    50  0  0 

BiB.T»  W. — Researches  on  Atmospheric  Waves. 10  0  0 

RoBiNsov,  Rev.  Dr. — Construction  of  a  New  Anemometer.  •  • .     10  0  0 

(Committxe). — Completion  of  Catalogue  of  Stars    70  0  0 

Chemical  Science, 

pBttcT,  Dr. — ^On  Crystalline  Slags,  &c f  0  0  0 

ScBVVCE^  Dr« — On  Colouring  Matters 10  0  0 

Zoology  and  Botany. 

Stsjcklaitd,  H.  E.— Vitality  of  Seeds 10  0  0 

PoBTLocK,  Capt. — Marine  Zoology  of  Corfu    10  0  0 

Lemoh,  Sir  Charles,  Bart. — Marine  Zoology  of  Cornwall 10  0  0 

FoEEKs,  Prof.  £. — Marine  Zoology  of  Britain •• 10  0  0 

Egsktok,  Sir  Philip,  Bart. — Habiu  of  Marine  Animals 10  0  0 

Sp£KCs,  William. — On  Scorpionidse  and  Arachnidse    10  0  0 

Owxvy  Prof. — Tabular  Forms  for  Registering  Periodical  Phas* 

Domena    10  0  0 

Physiology* 

BtAKE,  Dr. — Physiological  Action  of  Medicines •  •  •  •  •     20  0  0 

Total  of  Grants £410  0  0 


BS 


Dr.  Caepekter's  Report  on  the  Microscopic  Structure  of  Shells,  &c.,  to 
be  illuatrated  by  Plates,  not  exceeding  Twenty  in  number. 
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General  Statement  of  Sums  which  have  been  paid  on  Account  of  OranU  for 

Scientific  Purposes. 


1894. 
Tide  Discussions     • . 


£    «.    d. 
20     0     0 


18S5. 

Tide  Discussions     •  •  • .     62  0  0 

BridshFossil  Ichthyology  105  0  0 

£167  0  0 

1836. 
Tide  Discussions     ...•   163  0  0 
BritishFossil  Ichthyology  105  0  0 
Thermometric  Observa- 
tions, &c 50  0  0 

Experiments  on  long- 
continued  Heat    •  •  •  •     17  1  0 

Rain  Gauges    9  13  0 

Refraction  Experiments     15  0  0 

Lunar  Nutation 60  0  0 

Thermometers     15  6  0 

£434  14  0 

1837. 

Tide  Discussions 284  1  0 

Chemical  Constants     ..     24  13  6 

Lunar  Nutation 70  0  0 

Obserrations  on  Waves.  100  12  0 

Tides  at  Bristol 150  0  0 

Meteorology  and  Subter- 
ranean Temperature  .  89  5  0 
VitrificationExperiments  150  0  0 
Heart  Experiments....  8  4  6 
Barometric  Observations  30  0  0 
Barometers 11  18  6 

£918  14  6 

1838. 

Tide  Discussions 29  0  0 

British  Fossil  Fishes   •  •  100  0  0 

Meteorological  Observa- 
tions and  Anemometer 

(construction) 100  0  0 

Cast  Iron  (strength  of)  .     60  0  0 

Animal  and  Vegetable 
Substances  (preserva- 
tion of)    19  1  10 

Carried  forward  £308  1  10 


£  I.    d. 

Brought  forward  308  1  10 

Railway  Constants  ....     41  12  10 

Bristol  Tides 50  0    0 

Growth  oi  Plants    ....      75  0    0 

Mud  in  Rivers     3  6    6 

Education  Committee  • .     50  0    0 
Heart  Experiments ....       5  3    0 
Land  and  Sea  Level    .  •  267  8    7 
Subterranean  Tempera- 
ture         8  6    0 

Steam- vessels 100  0    0 

Meteorological  Commit- 
tee         31  9     5 

Thermometers     • 16  4    0 

£956  12     2 


0     0 


1839. 
Fossil  Ichthyology  ....  110 
Meteorological  Observa- 
tions at  Plymouth   • .  63 
Mechanism  of  Waves  . .  144 

Bristol  Tides 35 

Meteorology  and  Subter- 
ranean Temperature  .  21 
VitrificationExperiments  9 
Cast  Iron  Experiments .  100 
Railway  Constants  ....  28 
Land  and  Sea  Level  . .  274 
Steam-Vessels'  Engines.  100 
Stars  in  Histoire  Celeste  331 

Stars  in  Lacailte 11^ 

Stars  in  R.  A.S.Catalogue  0 
Animal  Secretions  ....  10 
Steam-engines  in  Corn- 
wall    50 

Atmospheric  Air 16 

Cast  and  Wrought  Iron.  40 
Heat  on  Organic  Bodies  S 
Gases    on  Solar   Spec- 
trum       22 

Hourly  Meteorological 
Observations,  Inver- 
ness and  Kingussie  •  •  49 

Fossil  Reptiles     118 

Mining  Statistics 50 

£1595^ 
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£    $,    d. 

1840. 
firistol  Tides  ....••..  100     0     0 
Subtcrraneaa  Tempera- 
ture . IS  IS     6 

Heart  Experiments. ...  1819     0 

Lungs  Experiments     ..  8  IS     0 

Tide  Discussions. .  • ,  •  •  50     0     0 

Land  and  Sea  Level    .  •  6  11     1 

Stars  (Histoire  Celeste)  242  10     0 

Stan  (Lacaiile)    4  15     0 

Stars  (Catalogue)    ....  264     0     0 

Atmospheric  Air }5  \5     0 

Water  on  Iron 10     0     0 

Heat  on  Organic  Bodies  7     0     0 
Meteorological  Observa- 
tions   52  17     e 

Foreign  Scientific  Me- 
moirs      112     1     6 

Working  Population   ..100     0     0 

School  Statistics 50     0     0 

Forms  of  Vessels     ....  184     7     0 

Cfaemical  and  Electrical 

Phaenomena 40     0     0 

Meteorological  Observa- 
tions at  Plymouth    « .  80     0     0 

Magnetical  Observations  185  13     9 

£1546  16     4 

1841. 

Observations  on  Waves.  SO     0    0 
Meteorologyand  Subter- 
ranean Temperature .  8     8 

Actinometers 10     0 

Earthquake  Shocks     ..  17     7 

Acrid  Poisons •  6     0 

Veins  and  Absorbents*.  S     0 

Mud  in  Rivera  ....•.••  5     0 

Marine  Zoology  .. ....  15 

Skeleton  Maps    20 

Mountain  Barometers .  •  6 

Stars  (Histoire  Celeste).  185 

Stan  (Lacaiile)   79 

Stan  (Nomenclature  of)  1 7 

Stars  (Catalogue  of)    . .  40 

Water  on  Iron 50 

Meteorological  Observa- 

tioos  at  Inverness    • .  20 
Meteorological  Observa- 
tions (reduction  of)  ••__££ 

forward  £589  10     8 


0 
0 
0 
0 
0 
0 

12  8 
0     0 

18  6 
0  0 
5     0 

19  6 
0 
0 


0 
0 


0     0 
0     0 


£  s.  d. 

Brought  forward  559  10  8 

Fossil  Reptiles    5o  0  0 

Foreign  Memoirs  ....  62  0  0 
Railway  Sections  ....  88  1  6 
Forms  of  Vessels  ....  198  12  0 
Meteorological  Observa- 
tions at  Plymouth  .  •  55  0  0 
Magnetical  Observations  61  18  8 
Fishes  of  the  Old  Red 

Sandstone 100  0  0 

Tides  at  Leith 50  0  0 

Anemometer    at    Edin- 
burgh       69  1  10 

Tabulating  Observations       9  6  8 

Races  of  Men 5  0  0 

Radiate  Animals 2  0  0 

£\U5  10  11 

1842. 
Dynamoroetric     Instru- 
ments     118  11  2 

Anoplura  Britannise    •  •     52  12  0 

Tides  at  Bristol 59  8  0 

Gases  on  Light   80  H  7 

Chronometers  ••••••.  •     26  17  6 

Marine  Zoology 1  5  0 

British  Fossil  Mammalia  100  0  0 

Sutlstics  of  Education..     20  0  0 
Marine     Steam-vessels' 

Engines   28  0  0 

Stars  (Histoire  Celeste)     59  0  0 
Stars  (British   Associa- 
tion Catalogue  of)  ..110  0  0 

Railway  Sections 161  10  0 

British  Belemnites  . .  •  •     50  0  0 
Fossil  Reptiles  (publica- 
tion of  Report)  ....  210  0  0 

Forms  of  Vessels 180  0  0 

Galvanic  Experiments  on 

Rocks 5  8  6 

Meteorological  Experi- 
ments at  Plymouth .  •     68  0  0 
Constant   Indicator  and 
Dynamometric  Instru- 

menta 90  0  0 

Force  of  Wind 10  0  0 

LightonGrowthofSeeds      8  0  0 

Vital  Statistics     50  0  0 

Vegetative     Power     of 

Seeds  8  1  11 

Carried  forward  £1442  8  h 

c2 
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£  s,  d. 

Brought  forward  1442  8  8 
Questions    on    Human 

Race    7  9  0 

£1449  17  8 


25 


77 


65 


1843. 

Revision  of  the  Nomen- 
clature of  Stars   .... 

Reduction  of  Stars,  Bri- 
tish Association  Cata- 
logue     

Anomalous  Tides,  Frith 
of  Forth   120 

Hourly  Meteorological 
Observations  at  Kin- 
gussie and  Inverness 

Meteorological  Observa- 
tions at  Plymouth   .  • 

Whewell's  Meteorolo« 
gical  Anemometer  at 
Plymouth    10 

Meteorological  Observa- 
tions, Osier's  Anemo- 
meter at  Plymouth  •  • 

Reduction  of  Meteorolo- 
gical Observations  .  • 

Meteorological  Instru- 
ments and  Gratuities 

Construction  of  Anemo- 
meter at  Inverness  •  • 

Magnetic  Co-operation . 

Meteorological  Recorder 
for  Kew  Observatory 

Action  of  Gases  on  Light 

Establishment  at  Kew 
Observatory,  Wages, 
Repairs,Fumiture,and 
Sundries  •  •  •  • 1S9 

Experiments  by  Captive 
Balloons 81 

Oxidation  of  the  Rails 
of  Railways  .••..•••     20 

Publication  of  Report  on 
Fossil  Reptiles    •  •  •  •     40 

Coloured  Drawings  of 
Railway  Sections  •  •  • .   147 

Registration  of  Earth- 
quake Shocks 80 

Report  on  Zoological 
Nomenclature 10 


2    0     0 


20 

80 

89 

56 
10 

50 
18 


0  0 

0  0 

It  8 

0  0 

0  0 

0  0 

0  0 

6  0 

12  2 

8  10 

0  0 

16  1 


4  7 

8  0 

0  0 

0  0 

18  3 

0  0 

0  0 


£    s,    d. 
Brought  forward  977    6    7 

Uncovering  Lower  Red 
Sandstone  near  Man- 
chester       4     4     6 

Vegetative     Power    of 

Seeds 5    8    8 

Marine  Testacea  (Habits 

of) 10     0     0 

Marine  Zoology  ••••••      10     0     0 

Marine  Zoology 2  14  11 

Preparation  of  Report 
on  British  Fossil  Mam- 
malia    loo     0     0 

Physiological  operations 

of  Medicinal  Agents       20     0     0 

Vital  Statistics 86     5     8 

Additional  Experiments 

on  the  Forms  of  Vessels    70     0     0 

Additional  Experiments 

on  the  Forms  of  Vessels  100     0     0 

Reduction  of  Observa- 
tions on  the  Forms  of 
Vessels..... 100     0    0 

Morin's  Instrument  and 

Constant  Indicator  . .     69  14  10 

Experiments     on     the 

Strength  of  Materials     60     0    0 


£1565  10     2 


1844. 

Meteorological  Observa- 
tions at  Kingussie  and 
Inverness «      12     0     0 

CompletingObservations 

at  Plymouth    85     0    0 

Magnetic  and  Meteoro- 
logical Co-operation..     25     8     4 

Publication  of  the  Bri- 
tish Association  Cata- 
logue of  Stars 85     0     0 

Observations  on  Tides 
on  the  East  Coast  of 
Scotland 100    0 

Revision  of  the  Nomen- 

clatureof  Stars . .  1 842       2    9 

Maintaining  the  Esta- 
.  blishment  in  Kew  Ob- 
servatory   117  17 

Instruments  for  Kew  Ob- 
servatory       56     7 


0 
6 


Carried  forward  £977    6    7 


Carried  forward  £884    2 


4 
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£    s.    d. 
Brought  forward  384    2    4 

Influence    of  light    on 

Plant! 10     0     0 

Subterraneous  Tempera- 
ture in  Ireland 5    0     0 

Coloured    Drawings    of 

Rail  way  Sections  ...•     15  17     6 

Investigation  of  Fossil 
Fishes  of  the  Lower 
Tertiary  Strata    ....   100     0    0 

Registering  the  Shocks 

of  Earthquakes,  1842     23  11   10 

Researches  into  the 
Structure  of  Fossil 
Shells 20     0     0 

Radiata  and  Mollusca  of 
the  JEgean  and  Red 
Seas 1842  100     0     0 

Geographical  distribu- 
tions  of  Marine  Zo- 
ology    1842       0  10     0 

Marine  Zoology  of  De- 

Ton  and  Cornwall    ..     10     0     0 

Marine  Zoology  of  Corfu     10     0     0 

Experiments  on  the  Vi« 

tality  of  Seeds 9     0S 

Experiments  on  the  Vi- 
tality of  Seeds.  .1842       8     7     3 

Researches    on    Exotic 

Anoplura 15     0     0 

Experiments      on     the 

Strength  of  Materials  100     0     0 

Completing  Experiments 

on  the  Arms  of  Ships  100     0     0 

Inquiries  into  Asphyxia     10     0     0 

loTestiffations  on  the  in- 
ternal Constitution  of 
Metals 50     0     0 

Constant  Indicator  and 
Morin's  Instrument, 
1842    10     3     6 

£981   12     8 

1845. 

Publication  of  the  British 
Association  Catalogue 
of  Stars    351  14     6 

Meteorological  Observa- 
tions at  Invefness    .•     30  18  11 

Magnetic  and  Meteoro- 
logical Co-operation       16  16     8 

Carried  forward  £399  10    1 


£    s.    d* 
Brought  forward  399  10     1 

Meteorological  Instru- 
ments at  Edinburgh        18  11     9 

Reduction  of  Anemome- 
trical  Observations  at 
Plymouth 25     0     0 

Electrical    Experiments 

at  Kew  Observatory       43  17     8 

Maintaining  the  Esta- 
blishment in  Kew  Ob- 
servatory    149  15     0 

For  Kreil's  Barometro- 
graph    25     0     0 

Gases  from  Iron  Fur- 
naces         50     0     0 

Experiments  on  the  Ac- 

tinograph 15     0     0 

Microscopic  Structure  of 

Shells 20     0     0 

Exotic  Anoplura. .1843     10     0*0 

Vitality  of  Seeds..  1843       2     0     7 

Vitality  of  Seeds..  1844       7     0    0 

Marine  Zoology  of  Corn- 
wall       10     0     0 

Physiological  Action  of 

Medicines    20     0     0 

Statistics  of  Sickness  and 

Morulity  in  York  • .     20     0     0 

Registration  of   Earth-     / 
quake  Shocks  . .  1843     15  14     8 

£831     9     9 

1846. 

British  Association  Ca- 
talogue of  Stars,  1844  211  15     0 

Fossil  Fishes  of  the  Lon- 
don Clay  100     0     0 

Computation  of  the  Gaus- 
sian Constants  for  1839     50     0     0 

Maintaining  the  Esta- 
blishment at  Kew  Ob- 
servatory         146  16     7 

Experiments     on      the 

Strength  of  Materials      60     0     0 

Researches  in  Asphyxia       6  16     2 

Examination   of    Fossil 

Shells    10     0     0 

Vitality  of  Seeds.  .1844       2  15  10 

Vitality  of  Seeds..  1845       7  12     3 

Marine  Zoology  of  Corn- 
waU 10     0     0 

Carried  forward  £605  15  10 
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£  1.    d. 
Brought  forward       605  15  10 
Marine  Zoology  of  Bri- 
tain        10  0     0 

Exotic  Anoplura..  1844     25  0     0 
Expenses  attending  Ane- 
mometers      11  7     6 

Anemometers'  Repairs  .       2  3     6 

Carried  forward       654  6  10 


£  s.  d. 
Brought  forward       654  6  10 
Researches    on    Atmo- 
spheric Waves 3  3  3 

Captive  Balloons ..1844       8  19  8 
Varieties  of  the  Human 

Race     1844       7  6  3 

Statistics  of  Sickness  and 

Mortality  at  York  . .      12  0  0 

£685  16  0 


Extracts  from  Resolutiofu  of  the  General  Committee. 

Committees  and  individuals,  to  whom  grants  of  money  for  scientific  pur- 
poses have  been  entrusted,  are  required  to  present  to  each  following  meeting 
of  the  Association  a  Report  of  the  progress  which  has  been  made  ;  with  a 
statement  of  the  sums  which  have  been  expended,  and  the  balance  which 
remains  disposable  on  each  grant. 

Grants  of  pecuniary  aid  for  scientific  purposes  from  the  funds  of  the  Asso- 
ciation expire  at  the  ensuing  meeting,  unless  it  shall  appear  by  a  Report  that 
the  Recommendations  have  been  acted  on,  or  a  continuation  of  them  be  ordered 
by  the  Genera]  Committee. 

In  each  Committee,  the  Member  first  named  is  the  person  entitled  to  call 
on  the  Treasurer,  John  Taylor,  Esq.,  2  Duke  Street,  Adelphi,  London,  for 
such  portion  of  the  sum  granted  as  may  from  time  to  time  be  required. 

In  grants  of  money  to  Committees,  the  Association  does  not  contemplate 
the  payment  of  personal  expenses  to  the  Members. 

In  all  cases  where  additional  grants  of  money  are  made  for  the  continua 
tion  of  Researches  at  the  cost  of  the  Association,  the  sum  named  shall  be 
deemed  to  include,  as  a  part  of  the  amount,  the  specified  balance  which  may 
remain  unpaid  on  the  former  grant  for  the  same  object. 


On  Thursday  evening,  September  1 0th,  at  8  p.m.,  in  the  Victoria  Rooms, 
Southampton,  the  late  President,  Sir  John  F.  W.  Herschel,  Bart.,  F.R.S.» 
resigned  his  office  to  Sir  Roderick  Impey  Murchison,  G.C.S^S.,  F.R.S.,  who 
took  the  Chair  at  the  General  Meeting,  and  delivered  an  Address,  for  which 
see  p.  xxvii. 

On  Friday  evening,  September  11th,  in  the  same  room.  Professor  Owen, 
F.R.S.,  delivered  a  Discourse  on  the  Fossil  Mammalia  of  the  British  Islands. 

On  Monday  evening,  in  the  same  room,  Charles  Lyell,  Esq.,  F.R.S.,  de- 
livered a  Discourse  on  the  Valley  and  Delta  of  the  Mississippi,  and  other 
points  in  the  Geology  of  the  United  States,  from  observations  made  in  the 
years  1845-46. 

On  Tuesday  evening,  in  the  same  room,  VV.  R.  Grove,  Esq.  explained 
the  properties  of  the  Explosive  Substance  recently  discovered  by  Dr.  Schon- 
bein ;  and  communicated  some  recent  researches  of  his  own,  on  the  Decom- 
position of  Water  into  its  constituent  Gases  by  Heat. 

On  Wednesday  evening,  at  8  p.m.,  in  the  same  room,  the  Concluding 
General  Meeting  of  the  Association  was  held,  when  the  Proceedings  of  the 
General  Committee,  and  the  grants  of  money  for  scientific  purposes,  were 
explained  to  the  Members. 

The  Meeting  was  adjourned  to  Oxford,  on  the  24th  of  June,  1847. 


ADDRESS     rji:r:i^----'  ^  / 


SIR  RODERICK  IMPEY  MURCHISON,  G.CJSt.S^  F.R,S,  V.P.G.& 

Sec*  Sec. 


Gsa^TLEMKNi — After  fifteen  yean  of  migration  to  various  important  cities 
and  towns  in  the  United  Kingdom,  you  are  for  the  first  time  assembled  in  the 
Sottth-Eastem  districts  of  England,  at  the  solicitation  of  the  authorities  and 
inhabitants  of  Southampton.  Easily  accessible  on  all  sides  to  the  cultivators 
of  acience,  this  beautiful  and  flourishing  sea-port  is  situated  in  a  tract  so 
adorned  by  nature,  and  so  full  of  objects  for  scientific  contemplation,  that, 
supported  as  we  are  by  new  friends  in  England,  and  by  old  friends  from 
distant  parts  of  Europe,  we  shall  indeed  be  wanting  to  ourselves,  if  our 
proceedings  on  this  occasion  should  not  support  the  high  character  which 
the  British  Association  has  hitherto  maintained* 

For  my  own  part,  though  deeply  conscious  of  my  inferiority  to  my  eminent 
predecessor  in  the  higher  branches  of  science,  I  stiU  venture  to  hope,  that 
the  devotion  I  have  manifested  to  this  Association  from  its  origin  to  the  pre- 
sent day,  may  be  viewed  by  you  as  a  guarantee  for  the  zealous  execution  of 
mj  duties.  Permit  me  then,  Gentiemen,  to  ofier  you  my  warmest  acknow- 
ledgements for  having  placed  me  in  this  enviable  position ;  and  to  assure 
Touy  that  I  value  the  approbation  which  it  implies  as  the  highest  honour 
which  could  have  been  bestowed  on  me — an  honour  the  more  esteemed  from 
its  being  conferred  in  a  county  endeared  to  me  by  family  connexions,  and  in 
which  I  rejoice  to  have  nuide  my  first  essay  as  a  geologist. 

The  origin,  progress  and  objects  of  this  our  **  Parliament  of  Science  **  have 
been  so  thoroughly  explained  on  former  occasions  by  your  successive  P)re- 
sidents,  particularly  in  reference  to  that  portion  of  our  body  which  cultivates 
the  mathematical,  chemical  and  mechanical  sciences,  that  after  briefly  allu- 
ding to  some  of  the  chief  results  of  bygone  years,  with  a  view  of  impressing 
upon  oar  new  members  the  general  advances  we  have  made,  I  shall  in  this 
address  dwell  more  particularly  on  the  recent  progress  and  present  state  of 
natoTal  history,  the  department  of  knowledge  with  which  my  own  pursuits 
hare  been  most  connected,  whilst  I  shall  also  incidentally  advert  to  some  of 
the  proceedings  which  are  likely  to  occupy  our  attention  during  this  Meeting. 

M  sooner,  Gentiemen,  had  this  Association  fully  establish^  its  character 
as  a  J^itimate  representative  of  the  science  of  the  United  Kingdom,  and  by 
its  published  Reports,  the  researches  which  it  instituted,  and  the  other  sub- 
ftantial  services  which  it  rendered  to  science,  had  secured  public  respect, 
tbao  it  proceeded  towards  the  fulfilment  of  the  last  of  the  great  objects  which 
a  Brewster  and  a  Harcourt  contemplated  at  its  foundation,  by  inviting  the 
attention*  of  the  Government  to  important  national  points  of  scientific  inter- 
c*t  At  the  fourth  Meeting  held  in  Edinburgh,  4he  Association  memorialized 
tbe  Govemmeot  to  increase  the  forces  of  the  Ordnance  Geographical  Survey 
of  fiiitazD,  and  to  extend  speedily  to  Scotland  the  benefits  which  had  been 
ilfadf  MffoUed  by  that  admirable  establishment  to  thc^South  of  Enghind, 
^fuJ^lfekBJoA^     From  that  time  to  the  present  it  has  not  scrupled  to  caf' 
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the  notice  of  the  Ministers  of  the  day  to  every  great  scientific  measure  which 
seemed,  after  due  consideration,  likely  to  promote  the  interests  or  raise  the 
character  of  the  British  nation.     Guided  in  the  choice  of  these  applications 
by  a  committee  selected  from  among  its  members,  it  has  sedulously  avoided 
the  presentation  of  any  request  which  did  not  rest  on  a  rational  basis,  and 
our  rulers,  far  from  resisting  such  appeals,  have  uniformly  and  cordially 
acquiesced  in  them.     Thus  it  was  when,  after  paying  large  sums  from  our 
own  funds  for  the  reduction  of  masses  of  astronomical  observations,  we 
represented  to  the  Government  the  necessity  of  enabling  the  Astronomer 
Royal  to  perform  the  same  work  on  the  observations  of  his  predecessors 
which  had  accumulated  in  the  archives  of  Greenwich,  our  appeal  was  an- 
swered by  arrangements  for  completing  so  important  a  public  object  at  the 
public  expense.   Thus  it  was,  when  contemplating  the  vast  accession  to  pure 
science  as  well  as  to  useful  maritime  knowledge,  to  be  gained  by  the  ex* 
ploration  of  the  South  Polar  regions,  that  we  gave  the  first  impulse  to  the 
project  of  the  great  Antarctic  expedition,  whichi  supported  by  the  influence 
of  the  Royal  Society  and  its  noble  President,  obtained  the  full  assent  of  the 
Government,  and  led  to  results  which,  through  the  merits  of  Sir  James 
Ross  and  his  companions,  have  shed  a  bright  lustre  on  our  country,  by 
copious  additions  to  geography  and  natural  history,  and  by  affording  nu- 
merous data  for  the  development  of  the  laws  that  regulate  the  magnetism  of 
the  earth. 

The  mention  of  terrestrial  magnetism  brings  with  it  a  crowd  of  recol- 
lections honourable  to  the  British  Association,  from  the  perspicuous  manner 
in  which  every  portion  of  fresh  knowledge  on  this  important  subject  has 
been  stored  up  in  our  volumes,  with  a  view  to  generalization,  by  Colonel 
Sabine  and  others ;  whilst  a  wide  field  for  its  difilision  and  combination  has 
been  secured  by  the  congress  held  at  our  last  meeting,  at  which  some  of  the 
most  distinguished  foreign  and  British  magneticians  were  assembled  under 
the  presidency  of  Sir  John  Herschel. 

It  is  indeed  most  satisfactory  for  us  to  know,  that  not  only  did  all  the 
recommendations  of  the  Association  on  this  subject  which  were  presented 
to  our  Government  meet  with  a  most  favourable  reception,  but  that  in 
consequence  of  the  representations  made  by  Her  Msyesty's  Secretary  of 
State  for  Foreign  Affairs  to  the  public  authorities  of  other  countries  which 
had  previously  taken  part  in  the  system  of  cooperative  observation,  the 
Governments  of  Russia,  Austria,  Prussia  and  Belgium  have  notified  their 
intention  of.continuing  their  respective  magnetical  and  meteorological  ob- 
servations for  anotiier  term  of  three  years. 

In  passing  by  other  instances  in  which  public  liberality  has  been  directed 
to  channels  of  knowledge  which  required  opening  out,  I  must  not  omit  to 
notice  the  grant  obtained  from  our  gracious  Sovereign,  of  the  Royal  Obser- 
vatory at  Kew,  which,  previously  dismantled  of  its  astronomical  instruments, 
has,  under  the  suggestions  of  Professor  Wheatstone,  been  converted  by  us 
into  a  station  for  observations  purely  physical,  and  especially  for  those  de- 
taib  of  atmospheric  phaenomena  which  are  so  minute  and  numerous,  and 
require  such  unremitting  attention,  that  they  imperiously  call  for  separate 
establishments.  In  realizing  this  principle,  we  can  now  refer  British  and 
foreign  philosophers  to  our  own  observatory  at  Kew,  where  I  have  the  au^ 
thority  of  most  adequate  judges  for  saying  they  will  find  that  a  great  amounf 
of  electrical  and  meteorological  observation  has  been  made,  and  a  system^ 
atic  inquiry  into  the  intricate  subject  of  atmospheric  electricity  carried 
out  by  Mr.  Ronalds,  to  which  no  higher  praise  can  be  given,  than  that  it 
ha%  in  fact,  furnished  the  model  of  the  processes  conducted  at  the  Royal 
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Obiervatory  of  Crfeenwich.  This  establishment  is  besides  so  useful  through 
the  facilities  which  it  offers  for  researches  into  the  working  of  self-register- 
ing instruments  which  are  there  constructed,  that  I  earnestly  hope  it  may 
be  sustained  as  heretofore  by  annual  grants  from  our  funds,  particularly 
as  it  is  accomplishing  considerable  results  at  very  small  cost. 

Our  volume  for  the  last  year  contains  several  communications  on  physical 
subjects  from  eminent  foreign  cultivators  of  science,  whom  we  have  the 
pleasure  of  reckoning  amongst  our  corresponding  members,  and  whose  com- 
munications, according  to  the  usage  of  the  Association,  have  been  printed 
entire  amongst  the  reports.  In  a  discussion  of  the  peculiarities  by  which  the 
great  comet  of  1843  was  distinguished,  Dr.  Von  Boguslawski  of  Breslau  has 
taken  the  occasion  to  announce  the  probability,  resting  on  calculations  which 
will  be  published  in  Schumacher's  <  Astronomische  Naehrichten,'  of  the  iden- 
tity of  this  comet  with  several  of  a  similar  remarkable  character  recorded  in  his- 
tory, commencing  with  the  one  described  by  Aristotle,  which  appeared  in  the 
year  371  before  our  sera :  should  his  calculations  be  considered  to  establish 
this  fact.  Dr.  Von  Boguslawski  proposes  that  the  comet  should  hereafter  be 
distinguished  by  the  name  of  ^*  Aristotle's  Comet."  This  communication 
contains  also  some  highly  ingenious  and  important  considerations  relating  to 
the  physical  causes  of  the  phsBUomena  of  the  taib  of  comets. 

Dr.  Paul  Erman  of  Beriin,  father  of  the  adventurous  geographical  explorer 
and  magnetician  who  was  one  of  the  active  members  of  the  magnetic  con- 
gress at  Cambridge,  has  communicated  through  his  son  some  interesting  ex- 
periments on  the  electro-dynamic  effects  of  the  friction  of  conducting  sub- 
stances, and  has  pointed  out  the  differences  between  these  and  normal 
thermo-electric  effects.  Baron  von  Senftenberg  (who  is  an  admirable  ex- 
ample of  how  much  may  be  done  by  a  liberal  zeal  for  science  combined 
with  an  independent  fortune)  has  published  an  account  of  the  success  with 
which  self-registering  meteorological  instruments  have  been  established  at  his 
observatory  at  Senftenberg,  as  well  as  at  the  national  observatory  at  Prague. 

Of  our  own  members,  Mr.  Birt  has  contributed  a  second  report  on  Atmo- 
spheric Waves,  in  continuation  of  the  investigation  which  originated  in  the 
discussion  by  Sir  John  Heischel,  of  the  meteorological  observations  which, 
at  his  suggestion,  were  made  in  various  parts  of  the  globe,  at  the  periods  of 
the  equinoxes  and  solstices,  commencing  with  the  year  1834. 

In  a  communication  to  the  Meeting  of  the  Association  at  York,  Colonel 
Sabine  traced  with  great  clearness  (from  the  hourly  observations  at  Toronto) 
the  effect  of  the  single  diurnal  and  single  annual  progressions  of  tempera^ 
ture,  in  producing  on  the  mixed  vapourous  and  gaseous  elements  of  the  atmo- 
sphere, the  well-known  progressions  of  daily  and  yearly  barometrical  pressure. 
To  the  conclusions  which  he  then  presented,  and  which  apply,  perhaps  gene- 
rally, to  situations  not  greatly  elevated  in  the  interior  of  large  tracts  of  land, 
the  same  author  has  added,  in  the  last  volume,  a  valuable  explanation  of 
the  more  complicated  phaanomena  which  happen  at  points  where  land  and 
sea  breezes,  flowing  with  regularity,  modify  periodically  and  locally  the  con- 
stitution and  pressure  of  the  atmosphere.  Taking  for  his  data  the  two-houriy 
observations  executed  at  the  observatory  of  Bombay  by  Dr.  Buist,  Colonel 
Sabine  has  succeeded  in  demonstrating  for  this  locality  a  double  daily  prO" 
ffrmrion  {^gaseous  pressure,  in  accordance  with  the  flow  and  re-flow  of  the 
air  from  surfaces  of  land  and  water  which  are  unequally  affected  by  heat. 
And  thus  the  diurnal  variation  of  the  daily  pressure  at  a  point  within  the 
tropics,  and  on  the  margin  of  the  sea,  is  explained  by  the  same  reasoning 
whieh  was  suggested  by  facts  observed  in  the  interior  of  the  vast  continent 
of  Noirth  America* 
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Among  the  many  useful  national  objects  which  have  been  promoted  by 
the  physical  researches  of  the  British  Association,  there  is  one  which  caib 
for  marked  notice  at  this  time,  in  the  proposal  of  Mr.  Robert  Stephenson  to 
carry  an  iron  tube  or  suspended  tunnel  over  the  Menai  Straits  to  sustain 
the  great  railway  to  Holyhead.  This  bold  proposal  could  never  have  been 
realized,  if  that  great  engineer  had  not  been  acquainted  with  the  progress 
recently  made  in  the  knowledge  of  the  strength  of  materials,  and  specially  of 
iron  ;  such  knowledge  being  chiefly  due  to  investigations  in  which  the  A!sso- 
ciation  has  taken  and  is  still  taking  a  conspicuous  share,  by  the  devotion  of 
its  friends  and  the  employment  of  its  influence — investigations  which  have, 
as  you  know,  been  prosecuted  with  great  zeal  and  success  by  its  valued  mem- 
bers Mr.  Hodgkinson  and  Mr.  Fairbaim.  I  may  further  state,  that  in  the 
recent  improvements  in  railways  the  aid  of  scientific  investigations  having 
been  called  for  by  the  civil  engineer,  to  assist  him  in  determining  with  accu- 
racy the  power  to  be  provided  for  attaining  the  high  velocities  of  fifty  and 
sixty  miles  an  hour ;  it  was  found  and  admitted  by  the  most  eminent  en- 
gineers, that  the  very  best  data  for  this  purpose,  and  indeed  the  only  experi-* 
ments  of  any  practical  value,  were  those  which  had  been  provided  for  some 
years  ago  by  a  Committee  of  the  British  Association,  as  published  in  our 
Transactions.  Let  such  results  as  these  be  our  answer  when  we  are  asked, 
what  have  been  the  useful  objects  attained  by  the  British  Association! 

However  imperfect  my  knowledge  of  experimental  philosophy  may  be,  I 
must  now  notice  that  the  last  volume  of  our  Reports  contains  two  contribu- 
tions to  it,  in  which  subjects  of  the  deepest  theoretical  and  practical  interest 
have  been  elucidated,  at  the  request  of  the  Association,  by  the  labours  of 
our  foreign  coadjutors. 

That  some  substance  of  a  peculiar  kind  everywhere  exists,  or  is  formed  in 
the  atmosphere  by  electrical  agency,  both  natural  and  artificial,  had  long  been 
suspected,  especially  from  the  persistency  of  the  odour  developed  by  such 
agency,  and  its  transference  by  contact  to  other  matter.  Professor  Schon- 
bein,  to  whom  I  shall  hereafter  advert  as  the  author  of  an  important  practical 
discovery,  is,  however,  the  first  philosopher  who  undertook  to  investigate  the 
nature  of  that  substance ;  and  though  the  investigation  is  not  yet  complete, 
he  has  been  enabled  to  report  no  inconsiderable  progress  in  this  difficult  and 
refined  subject  of  research. 

A  request  from  the  Association  to  Professor  Bunsen  of  Marburg,  and  our 
countryman  Dr.  Lyon  Playfair,  coupled  with  a  contribution  of  small  amount 
towards  the  expenses  involved  in  the  undertaking,  has  produced  a  report  on 
the  conditions  and  products  of  iron-furnaces  which  is  of  considerable  value  in 
a  commercial  view  to  one  of  the  most  important  of  our  manufactures,  and 
possesses  at  the  same  time  a  very  high  interest  to  chemical  science  in  some 
of  the  views  which  it  developes.  On  the  one  hand  it  exhibits  an  entirely 
new  theory  of  the  reduction,  by  cyanogen  gas  as  the  chief  agent,  of  iron 
from  the  ore ;  on  the  other  it  shows,  that  in  addition  to  a  vast  saving  of  fuel, 
about  2  cwt.  of  sal-ammoniac  may  daily  be  collected  at  the  single  establish* 
ment  of  Alfreton,  where  the  experiments  were  made;  thus  leading  us  to 
infer  that  in  the  iron-furnaces  of  Britain  there  may  be  obtained  from  vapour 
which  now  passes  away,  an  enormous  quantity  of  this  valuable  substance, 
which  would  materially  lessen  the  dependence  of  our  agriculturists  on  foreign 
guano.  It  is,  indeed,  most  gratifying  to  observe,  that  in  pursuing  this  inquiry 
into  the  gaseous  contents  of  a  blazing  furnace  of  great  height,  our  associates 
traced  out,  foot  by  foot,  the  most  recondite  chemical  processes,  and  describcnl 
the  fiery  products  with  the  same  accuracy  as  if  their  researches  had  been  made 
on  the  table  of  a  laboratory.    Weighed  however  only  in  the  scales  of  absolute 
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And  immediate  utility,  the  remarkable  results  of  these  skilAil  and  elaborate 
experiments  gire  them  a  character  of  national  importance,  and  justly  entitle 
the  authors  and  the  body  which  has  aided  them  to  the  public  thanks. 

After  this  glance  at  the  subjects  of  purely  physical  science  treated  of  in 
the  last  volume  of  our  Transactions,  let  us  now  consider  the  donuuns  of 
natural  history ;  and  as  one  of  the  cultivators  of  a  science  which  has  derived 
its  main  support  and  most  of  its  new  and  enlarged  views  from  naturalists, 
let  me  express  the  obligation  which  geologists  are  under  to  this  Association, 
for  having  aided  so  effectively  in  bringing  forth  the  zoological  researches 
of  Owen,  Agassiz,  and  Edward  Forbes.  These  three  distinguished  men 
have  themselves  announced,  that  in  default  of  our  countenance  and  assist- 
ance, they  would  not  have  undertaken,  and  never  could  have  completed, 
some  of  their  most  important  inquiries.  Agassiz,  for  example,  had  not 
otherwise  the  means  of  comparing  the  ichthyolites  of  the  British  Isles  with 
those  of  the  continent  of  Europe.  Without  this  impulse,  Owen  would 
not  have  applied  his  profound  knowledge  of  comparative  anatomy  to  British 
fossil  saurians ;  and  Edward  Forbes  might  never  have  been  the  explorer  of 
the  depths  of  the  i^gean,  nor  have  revealed  many  hitherto  unknown  laws 
of  sabmarine  life,  if  his  wishes  and  suggestions  had  not  met  with  the  warm 
support  of  our  body,  and  been  supported  by  its  strongest  recommendations 
to  ^e  Naval  authorities. 

Such  allusions  to  naturalists,  whose  works  have  afforded  the  firmest  sup- 
ports to  geology,  might  lead  me  to  dilate  at  length  on  the  recent  progress  of 
this  science;  but  as  the  subject  has  been  copiously  treated  at  successive 
anniversaries  of  the  Geological  Society  of  London,  and  has  had  its  recent 
advances  so  clearly  enunciated  by  the  actual  President  of  that  body  who  now 
presides  over  our  Geological  Section  *,  I  shall  restrain  my  '^  esprit  de  corps  ** 
whilst  I  briefly  advert  to  some  of  the  prominent  advances  which  geologists 
have  made.  When  our  associate  Conybeare  reported  to  us  at  our  second 
meeting,  on  the  actual  state  and  ulterior  prospects  of  what  he  well  termed  the 
**  archeology  of  the  globe,'*  he  dwelt  with  justice  on  the  numerous  researches 
in  different  countries  which  had  clearly  established  the  history  of  a  descent 
as  it  were  into  the  boweb  of  the  earth — which  led  us,  in  a  word,  downwards 
through  those  newer  deposits  that  connect  high  antiquity  with  our  own 
]>eru)d,  into  those  strata  which  support  our  great  British  coal-fields.  Beyond 
this  however  the  perspective  was  dark  and  doubtful — 

"  Res  alia  tienk  et  caligine  menaa.'' 

Now,  however,  we  have  dispersed  this  gloom,  and  by  researches  first 
carried  out  to  a  distinct  classification  in  the  British  Isles,  and  thence  ex- 
tended to  Russia  and  America,  geologists  have  shown  that  the  records  of 
soocession,  as  indicated  by  the  entombment  of  fossil  animab,  are  as  une- 
quivocally developed  in  these  very  ancient  or  palaeozoic  strata  as  in  any  of 
the  overlying  or  more  recently  formed  deposits.  Ailer  toiling  many  years  in 
this  department  of  the  science,  in  conjunction  with  Sedgwick,  Lonsdale,  De 
Veraeuil,  Keyserling,  and  others  of  my  fellow-labourers,  I  have  arrived  at 
the  concIosiOD,  that  we  have  reached  the  very  genesis  of  animal  life  upon 
tlie  ghbcy  and  that  no  separate  and  clearly  definable  **  vestigia  retrorsum  " 
will  be  found  beneath  that  protozoic  or  Lower  Silurian  group,  in  the  great 
inferior  mass  of  which  scarcely  a  vertebrated  animal  has  yet  been  detected, 
Did  the  DrofuBion  of  the  lower  orders  of  marine  animals  entombed  in  it 
But  however  this  may  be,  it  is  certain  that  in  the  last  few  years  all  Central 

*  Mr.  Leonard  Homer. 
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and  Eastern  Europe,  including  Turkey*,  and  even  parts  of  Siberia  have  been 
brought  into  accordance  with  typical  strata.  France  has  ^been  accurately 
classified  and  illustrated  by  the  splendid  map  of  Elie  de  Beaumont  and  Du- 
frenoy ;  and  whibt,  by  the  labours  of  Deshayes  and  others,  its  tertiary  fossils 
have  been  copiously  described,  the  organic  remains  of  its  secondary  strata  are 
now  undergoing  a  complete  analysis  in  the  beautiful  work  of  M.  Alcide  d'Or- 
bigny«  Belgium,  whose  mineral  structure  and  geological  outlines  have  been 
delineated  by  D'Omalius  d*Halloy  and  Dumont,  has  produced  very  perfect 
monographs  of  its  paleozoic  and  tertiary  fossils ;  the  first  in  the  work  of 
M*  de  Koningk,  the  second  in  the  recently  published  monograph  of  M .  Nyst. 
Germany,  led  on  by  Von  Buch,  has  shown  that  she  can  now  as  materially 
strengthen  the  zoological  and  botanical  groundworks  of  the  science,  aa  in  the 
days  of  Werner  she  was  eminent  in  laying  those  mineralogical  foundations 
which  have  been  brought  so  near  to  perfection  by  the  labours  of  several  living 
men.  So  numerous  in  fact  have  been  the  recent  German  contributions,  that 
I  cannot  permit  myself  to  specify  the  names  of  individuals  in  a  country  which 
boasts  so  many  excellent  geologists.  As  distinctly  connected,  however,  with 
the  objects  of  this  Meeting,  I  must  be  permitted  to  state  that  the  ingenious 
botanist  Goppert,  whose  works,  in  combination  with  those  of  Adolphe  Brong- 
niart  in  France,  have  shed  so  much  light  on  fossil  plants,  has  just  sent  to  me, 
for  communication  to  our  Geological  Section,  the  results  of  his  latest  inqui- 
ries into  the  formation  of  the  coal  of  Silesia — results  which  will  be  the  mure 
interesting  to  Dr.  Buckland  and  the  geologists  of  England,  who  have  most 
attended  to  this  subject,  because  they  are  founded  on  data  equally  new  and 
original.     Italy  has  also,  to  a  great  extent,  been  presented  to  us  in  its 

fenend  geological  facies,  through  the  labours  of  Sismonda,  Marmora,  Pareto, 
^asini,  Catullo  and  others ;  whilst  our  kinsmen  of  the  far  West,  with  the 
true  enterprise  of  the  Saxon  race,  have  so  laid  open  the  structure  of  their 
wide-spreading  States,  that  our  countryman  Lyell  has  informed  us,  that  the 
instructive  map  which  accompanies  his  work  upon  North  America  is  simply 
the  grouping  together  of  data  prepared  by  native  State  geologbts,  which  he 
has  paralleled  with  our  well-known  British  types. 

If  then  the  astix>nomer  has,  to  a  vast  extent,  expounded  the  mechanism  of 
the  heavens ;  if  lately,  through  his  large,  new  telescope,  our  associate  the 
Earl  of  Rosse  has  assigned  a  fixity  and  order  to  bodies  which  were  pre- 
viously viewed  as  mere  nebulse  floating  in  space,  and  has  also  inferred  that  the 
surface-cavities  in  our  nearest  neighbour  of  the  planetary  system  are  analo- 
gous to  the  volcanic  apertures  and  depressions  of  the  earth  ;  the  geologist, 
contributing  data  of  another  order  to  the  storehouse  of  natural  knowledge, 
has  determined,  by  tangible  proofs,  the  very  manner  in  which  our  planet  has 
been  successively  enveloped  in  divers  cerements,  each  teeming  with  peculiar 
forms  of  distinct  life,  and  has  marked  the  revolutions  which  have  interfered 
with  these  successive  creations,  from  the  earliest  dawn  of  living  things  to  the 
limits  of  the  historic  sera.  In  short,  the  fundamental  steps  gained  in  geology 
since  the  early  days  of  the  British  Association,  are  so  remarkable  and  so 
numerous,  that  the  time  has  now  come  for  a  second  report  upon  the  progress 
of  this  science,  which  may  I  trust  be  prepared  for  an  approaching  Meeting. 

Intimately  connected  with  these  broad  views  of  the  progress  of  geology  is 
the  appearance  of  the  first  volume  of  a  national  work  by  Sir  Henry  De  la 
Beobe  and  his  associates  in  the  Geological  Survey  of  Great  Britain.  Fol- 
lowing, as  it  does,  upon  the  issue  of  numerous  detailed  coloured  maps  and 

*  See  the  geological  map  of  Turkey  by  Bou^,  and  that  of  Russia  and  the  Ural  Mountains 
by  my  coadjutors  and  myself. 
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sections,  which  for  beauty  of  ezecotion  and  exactness  of  detail  ara  unriyalled, 
I  would  specially  direct  your  attention  to  this  new  volume,  as  affording  the 
clearest  evidence  that  geology  is  now  strictly  brought  withia  the  pale  of  the 
fixed  sciences.  In  it  are  found  graphic  descriptions  of  the  strata  in  the  South- 
West  of  England  and  South  Wales,  whose  breadth  and  length  are  accurately 
measured,  whose  mineral  changes  are  chemically  analysed,  and  whose  im« 
bedded  remains  are  compared  and  determined  by  competent  palaeontologists. 
The  very  statistics  of  the  science  are  thus  laid  open,  theory  is  made  rigorously 
to  depend  on  facts,  and  the  processes  and  produce  of  foreign  mines  are  com- 
pared  with  those  of  Britain. 

When  we  know  how  intimately  the  Director-General  of  this  Survey  and 
his  associates  have  been  connected  with  the  meetings  of  the  British  Associa* 
tion,  and  how  they  have  freely  discussed  with  us  many  parts  of  their  re- 
searches— ^when  we  recollect  that  the  geologist  of  Yorkshire,  our  invaluable 
Assistant  General  Secretary,  around  whom  all  our  arrangements  since  our 
origin  have  turned,  and  to  whom  so  much  of  our  success  is  due,  occupies 
his  fitting  place  among  these  worthies — that  Edward  Forbes,  who  passed  as 
it  were  &om  this  AsKKuation  to  the  ^gean,  is  the  palsBontologist  of  this 
Survey ;  and  again  when  we  reflect,  that  if  this  Association  had  not  repaired 
to  Glasgow,  and  there  discoyered  the  merits  of  the  delineation  of  the  Isle  of 
Arran  by  Mr.  Ramsay,  that  young  geologist  would  never  have  become  a 
valaable  contributor  to  the  volume  under  consideration — ^it  is  obvious  from 
these  statements  alone,  that  the  annual  visits  of  our  body  to  different  parts 
of  the  Empire,  by  bringing  together  kindred  spirits,  and  by  testing  the  natural 
capacity  of  individuals,  do  most  effectually  advance  science  and  benefit  the 
British  community. 

Whilst  considering  these  labours  of  the  Government  geologists,  I  shall  ncfw 
specially  speak  of  those  of  Professor  £.  Forbes,  because  he  here  makes  him- 
self doubly  welcome,  by  bringing  to  us  as  it  were  upon  the  spot  the  living 
specimens  of  submarine  creatures,  which  through  the  praiseworthy  en- 
thusiasm of  Mr.  M^ Andrew,  one  of  our  members,  who  fitted  out  a  yacht 
for  natural-history  researches,  have  been  dredged  up  this  summer  by  these 
naturalists  from  the  southern  coast,  between  the  Land's  End  and  South- 
ampton. As  a  favourite  yachting  port  like  Southampton  may,  it  is  hoped^ 
afford  imitators,  I  point  out  with  pleasure  the  liberal  example  of  Mr.  M" An- 
drew, who  although  not  professing  to  describe  the  specimens  he  collects,  has 
now,  as  on  former  occasions,  placed  them  in  the  hands  of  the  members  best 
qualified  to  do  them  justice,  and  is  thus  a  substantial  promoter  of  science. 

The  memoir,  then,  of  Edward  Forbes  in  the  Government  Geological  Sur^ 
vey  to  which  I  now  allude,  is,  in  truth,  an  extension  of  his  views  re- 
specting the  causes  of  the  present  distribution  of  plants  and  animals  in  the 
British  Isles,  made  known  at  the  last  meeting  of  the  British  Association,  As 
this  author  has  not  only  shown  the  application  of  these  ideas  to  the  re- 
searches of  the  British  Geological  Survey,  but  also  to  the  distribution  of 
animals  and  plants  over  the  whole  earth,  it  is  evident  that  these  views,  in 
great  part  original,  will  introduce  a  new  class  of  inquiries  into  natural  history, 
which  wiU  link  it  on  more  closely  than  ever  to  geology  and  geography*  In 
short,  this  paper  may  be  viewed  as  the  first  attempt  to  explain  the  itnueg 
of  the  zoological  and  botanical  features  of  any  region  anciently  in  connexion. 
Among  the  new  points  which  it  contains,  I  will  now  only  mention,  that  it 
very  ingeniously  (and  I  trust  satisfactorily)  explains  the  origin  of  the  pecn- 
liar  features  of  the  botany  of  Britain — the  theory  of  the  origin  of  Alpine 
Floras  distributed  far  apart — the  peculiarity  of  the  zoology  of  Ireland  as 
compared  with  that  of  England — ^the  presence  of  the  same  species  of  marine 
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animak  on  the  coasts  of  America  and  Europe — the  specialities  of  the  marine 
zoology  of  the  Britbh  seas  called  for  by  this  Association — the  past  and  pre- 
sent distribution  of  the  great  Mediterranean  Flora ; — ^and  lastly,  it  applies 
the  knowledge  we  possess  of  the  distribution  of  plants  to  the  elucidation  of 
the  history  of  the  superficial  detritus,  termed  by  geologists  the  "  Northern 
Drift." 

Amid  the  numerous  subjects  for  reflection  which  the  perusal  of  this  me- 
moir occasions,  I  must  now  restrict  myself  to  two  brief  comments.  First, 
to  express  my  belief  that  even  Humboldt  himself,  who  has  written  so  much 
and  so  admirably  on  Alpine  floras,  will  admit  that  our  associate's  explanation 
of  the  origin  of  identity  removes  a  great  stumbling-block  from  the  path  of 
botanical  geographers.  Secondly,  having  myself  for  some  years  endeavoured 
to  show,  Uiat  the  Alpine  glacialists  had  erroneously  applied  their  views,  as 
founded  on  terrestrial  phsenomena,  to  large  regions  of  Northern  Europe, 
which  must  have  been  under  the  sea  during  the  distribution  of  erratic  blocks, 
gravel  and  boulders,  I  cannot  but  consider  it  a  strong  confirmation  of  that 
opinion,  when  I  find  so  sound  a  naturalist  as  Edward  Forbes  sustaining  the 
same  view  by  perfectly  independent  inferences  concerning  the  migration  of 
plants  to  isolated  centres,  and  by  a  studious  examination  and  comparison  of 
all  the  sea  shells  associated  with  these  transported  materials.  And  if  I  mb- 
take  not,  my  friend  Mr.  Lyell  will  find  in  both  the  above  points,  strong  evi- 
dences in  support  of  his  ingenious  climatal  theories. 

Recent  as  the  blocks  and  boulders  to  which  I  have  alluded  may  seem 
to  be,  they  were  however  accumulated  under  a  glacial  sea,  whose  bottom 
was  first  raised  to  produce  that  connexion  between  the  continent  and 
Britain,  by  which  the  land  animals  migrated  from  their  parent  East  to  our 
western  climes ;  a  connexion  that  was  afterwards  broken  through  by  the  se- 
paration of  our  islands,  and  by  the  isolation  in  each  of  them  of  those  terres- 
trial races  which  had  been  propagated  to  it.  This  latter  inference  was  also, 
indeed,  thoroughly  sustained  by  the  researches  of  Professor  Owen,  commu- 
nicated to  this  Association ;  first,  in  the  generalization  by  which  his  report 
on  the  Extinct  Mammals  of  Australia  is  terminated,  and  still  more  in  de- 
tailed reference  to  our  islands  in  his  recently  published  work  *  On  the  Ex- 
tinct Fossil  British  Mammalia,' — a  work  which  he  has  stated  in  his  dedication 
originated  at  the  call  of  the  British  Association.  Professor  Owen,  who  fills  a 
Vice-President's  chair,  adds,  indeed,  greatly  to  the  strength  of  our  present 
Meeting,  by  also  acting  as  the  President  of  one  of  our  Sections,  which  having 
in  its  origin  been  exclusively  occupied  in  the  study  of  Medicine,  is  now  more 
peculiarly  devoted  to  the  cultivation  of  Physiol<^y.  Under  such  a  leader  I 
have  a  right  to  anticipate,  that  this  remodelled  Section  will  exhibit  evidences 
of  fresh  vigour,  and  will  clearly  define  the  vast  progress  that  has  been  made 
in  general  and  comparative  anatomy  since  the  days  of  Hunter  and  of  Cuvier, 
for  so  large  a  part  of  which  we  are  indebted  to  our  eminent  associate.  I 
may,  indeed,  confidently  announce,  from  what  I  know  of  the  communica- 
tions about  to  be  made  to  us  by  Professor  Owen  on  anatomical  homologies, 
that  our  Members  will  be  highly  gratified  in  seeing  our  next  volume  en- 
hanced with  subjects  from  his  pen,  which  hitherto  have  almost  exclusively 
occupied  the  attention  of  continental  anatomists. 

Assembled  in  a  county  which  has  the  good  fortune  to  have  been  illus- 
tfated  by  the  attractive  history  of  the  naturalist  of  Selborne,  I  am  confident 
that  our  Fourth  Section,  to  whose  labours  I  would  next  advert,  will  yield  a 
rich  harvest,  the  more  so  as  it  is  headed  by  that  great  zoologist  who  has  en- 
liched  the  adjacent  Museum  of  the  Naval  Hospital  at  Haslar  with  so  many 
animals  from  various  parts  of  the  world,  and  has  so  arranged  them  as  to  render 
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them  olgects  well-wofthy  of  yoar  notice.  The  report  of  Sir  John  Richardson 
in  the  last  volume,  on  the  Fishes  of  China,  Japan'  and  New  Zealand,  when 
coupled  with  his  account  in  former  volumes  of  the  Fauna  of  North  America, 
may  be  regarded  as  having  completely  remodelled  our  knowledge  of  the 
geographical  distribution  of  fishes ;  first  by  afibrding  the  data,  and  next  by 
explaining  the  causes  through  which  a  community  of  ichthyological  characters 
is  in  some  r^ons  widely  spread,  and  in  others  restricted  to  limited  areas. 
We  now  know,  that  just  as  the  lofty  mountain  is  the  barrier  which  separates 
different  animals  and  plants,  as  well  as  peculiar  varieties  of  man,  so  the  deepest 
seas  are  limits  which  peremptorily  check  the  wide  diffusion  of  certain  genera 
and  species  of  fishes ;  whilst  the  interspersion  of  numerous  islands,  and  still 
more  the  continuance  of  lands  throughout  an  ocean,  ensures  the  distribution 
of  similar  forms  over  many  degrees  of  latitude  and  longitude. 

The  general  study,  indeed,  both  of  zoology  and  botany  has  been  sin« 
gularly  advanced  by  the  labours  of  the  Section  of  Natural  History.  I  cannot 
have  acted  for  many  years  as  your  General  Secretary  without  observing, 
that  by  the  spirit  in  which  this  Section  has  of  late  years  been  conducted, 
British  naturalists  have  annually  become  more  philosophical,  and  have  given 
to  their  inquiries  a  more  physiological  character,  and  have  more  and  more 
studied  the  higher  questions  of  structure,  laws  and  distribution.  This 
cheering  result  has  mainly  arisen  from  the  personal  intimacy  brought  about 
among  various  individuals,  who,  living  at  great  distances  from  each  other, 
were  previously  never  congregated;  and  from  the  mutual  encouragement 
imparted  by  their  interchange  of  views  and  their  comparisons  of  specimens. 
Many  active  Britbh  naturalists  have  in  fact  risen  up  since  these  Meetings 
commenced,  and  many  (in  addition  to  the  examples  already  mentioned)  have 
pursued  their  science  directly  under  the  encouragement  we  have  given  them. 
The  combination  of  the  enthusiastic  and  philosophic  spirit  thus  engendered 
among  the  naturalists,  has  given  popularity  to  their  department  of  science, 
and  this  Section,  assuming  an  importance  to  which  during  our  earliest  Meet- 
ings it  could  show  comparatively  slender  claims,  has  vigorously  revived  the 
study  of  natural  history,  and  among  other  proofs  of  it,  has  given  rise  to  that 
useful  publishing  body  the  Ray  Society,  which  holds  its  anniversary  du- 
ring our  sittings.  Any  analysis  of  the  numerous  original  and  valuable  re- 
ports  and  memoirs  on  botanical  and  zoological  subjects  which  have  occupied 
our  volumes  is  forbidden  by  the  limits  of  this  address,  but  I  cannot  omit  to 
advert  to  the  extensive  success  of  Mr.  H.  Strickland's  report  on  Zoological 
Nomenclature,  which  has  been  adopted  and  circulated  by  the  naturalists  of 
France,  Germany,  Sweden  and  America,  and  also  by  those  of  Italy  headed 
by  the  Prince  of  Canino.  In  each  of  these  countries  the  code  drawn  up  by 
the  Association  has  been  warmly  welcomed,  and  through  it  we  may  look 
forward  to  the  signal  advantage  being  gained,  of  the  adoption  of  an  uniform 
zoological  nomenclature  all  over  the  globe. 

Whilst  investigations  into  the  geographical  distribution  of  animals  and  plants 
have  occupied  a  lai^e  share  of  the  attention  of  our  Browns  and  our  Darwins, 
it  is  pleasing  to  see  that  some  members,  chiefly  connected  with  physical 
researches,  are  now  bringing  these  data  of  natural  history  to  bear  upon 
climatology  and  physical  geography.  A  committee  of  our  naturalists,  to 
whom  the  subject  was  referred,  has  published  in  our  last  volume  a  good 
series  of  instructions  for  the  observation  of  the  periodical  pbsenomena  of 
animals  and  plants,  prepared  by  our  foreign  associate  M.  Quetelet,  the 
Astronomer  Royal  of  Belgium.  Naturalists  have  long  been  collecting  ob- 
servations on  the  effects  produced  by  the  annual  return  of  the  seasons,  but 
their  various  natural-history  calendars  being  local,  required  comparison  and 
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oonoentratioiiy  as  originally  suggested  by  LinnsBUs.  This  has  now  for  the 
first  time  been  executed  by  the  Belgian  Astronomer,  who  following  out  a 
plan  suggested  by  himself  at  our  Plymouth  Meeting,  has  brought  together 
the  contributions  and  suggestions  of  the  naturalists  of  his  own  country. 
When  M.  Quetelet  remarks,  '*  that  the  phases  of  the  smallest  insect  are 
bound  up  with  the  phases  of  the  plant  that  nourishes  it ;  that  plant  itself 
being  in  its  gradual-  development  the  product,  in  some  sort,  of  all  anterior 
modifications  of  the  soil  and  atmosphere,"  he  compels  the  admission,  that 
the  study  which  should  embrace  all  periodical  phsenomena,  both  diurnal  and 
annual,  would  of  itself  form  a  science  as  extended  as  instructive* 

Referring  you  to  M.  Quetelet*s  report  for  an  explanation  of  the  dependence 
of  the  vegetable  and  animal  kingdoms  on  the  meteorology  and  physics  of 
the  globe,  and  hoping  that  the  simultaneous  observations  he  inculcates  will 
be  followed  up  in  Britain,  I  am  happy  to  announce,  that  the  outline  of  a 
memoir  on  physical  geography  was  some  months  ago  put  into  my  hands 
by  Mr.  Cooley,  which  in  a  great  degree  coinciding  with  the  system  of 
M.  Quetelet,  has  ultimately  a  different  object.  M.  Quetelet  chiefly  aims 
at  investigating  the  dependence  of  organized  bodies  on  inorganized  mattery 
by  observing  the  periodical  phsenomena  of  the  former.  Mr.  Cooley  seeks  to 
obtain  an  acquaintanoe  with  the  same  phsenomena  for  the  sake  of  learning 
and  registering  comparative  climate  as  an  element  of  scientific  agriculture. 
Speaking  to  you  in  a  county  which  is  so  mainly  dependent  on  the  produce 
of  the  soil,  I  cannot  have  a  more  favourable  opportunity  for  inculcating  the 
value  of  the  suggestions  of  this  Britbh  geographer.  The  complete  esta- 
blishment of  all  the  data  of  physical  geography  throughout  the  British 
Uands ;  ••  €•  the  registration  of  the  mean  and  extremes  of  Uie  temperature  of 
the  air  and  of  the  earth ;  the  amount  of  conduction,  radiation,  moisture  and 
magnetism ;  the  succession  of  various  phases  of  vegetation,  &c  (with  their 
several  local  corrections  for  elevation  and  aspect),  must  certainly  advance  the 
cause  of  science,  and  promote  the  material  interests  of  our  country. 

A  minute  knowledge  of  all  Uie  circumstances  of  climate  cannot  but  be  of 
importance  to  those  whose  industry  only  succeeds  through  the  co-operation  of 
nature)  and  it  may  therefore  be  inferred,  how  a  report  like  that  with  which 
I  trust  Mr.  Cooley  will  favour  us,  if  completed  by  the  addition  of  taUesi 
must  prove  to  be  a  useful  public  document  Imbibing  the  ardour  of  that 
author,  I  might  almost  hope  that  such  researches  in  physical  geography  may 
enable  us  to  define,  in  the  language  of  the  poet, 

**  Et  quid  qusque  ferat  regio,  et  quid  qiueque  recoiet." 

At  all  events,  they  will  tend  to  raise  physical  geography  in  Britain  towards 
the  level  it  has  attained  in  Prussia  under  the  aegis  of  Humboldt  and  Ritter, 
and  through  the  beautiful  maps  of  Berghaus. 

Though  our  countryman,  Mr.  Keith  Johnston,  is  reproducing,  in  attrac- 
tive forms,  the  comparative  maps  of  the  last-mentioned  Prussian  author,  much 
indeed  still  remains  to  be  done  in  Britain,  to  encourage  the  study  of  physical 
geography  and  to  place  it  on  a  basis  worthy  of  this  great  exploring  and  colo- 
nizing nation ;  and  as  one  of  the  elementary  aids  to  the  training  of  the  youth« 
ful  mind  to  acquire  some  perception  of  the  science.  I  commend  the  spirited 
project  of  M.  Guerin  of  Paris,  to  establish  in  London  a  georaroa  of  vast  size, 
the  objects  and  details  of  which  he  intends  to  explain  during  this  week  to  the 
geographers  present.' 

Reverting  to  ceconomical  views  and  the  improvement  of  lands,  I  would 
remind  our  agricultural  members,  that  as  their  great  practical  Society  was 
founded  on  the  model  of  the  British  Association,  we  hope  they  wiQ  always 
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fome  to  our  Sections  for  the  solution  of  any  qaestions  relating  to  their  pur- 
suits  to  which  can  be  given  a  purely  scientific  answer.    If  they  ask  for  the 
explanation  of  the  dependence  of  Tegetation  upon  subsoil  or  soil,  our  geo- 
logists  and  botanists  are  ready  to  reply  to  them.     Is  it  a  query  on  the  com* 
parison  of  the  relative  value  of  instruments  destined  to  oeconomize  labour, 
the  mechanicians  now  present  are  capable  of  answering  it.  And  if,  above  all, 
they  wish  us  to  solve  their  doubts  respecting  the  qualities  of  soils  and  the  re- 
sults of  their  mixtures,  or  the  effects  of  various  manures  upon  them,  our  che- 
mists are  at  hand.     One  department  of  our  Institution  is,  in  fact,  styled  the 
Section  of  Chemistry  and  Mineralogy,  with  their  applications  to  Agriculture 
and  the  Arts,  and  is  officered  in  part  by  the  very  men,  Johnston,  Daubeny  and 
Play  fair,  to  whom  the  agriculturists  have,  in  nearly  all  cases,  appealed.    The 
first-mentioned  of  these  was  one  of  our  earliest  friends  and  founders ;  the 
second  had  the  merit  of  standing  by  the  British  Assf>ciation  at  its  first  meet- 
ing, and  there  inviting  us  to  repair  to  that  great  University  where  he  is  so 
much  respected,  and  where  he  is  now  steadily  determining,  by  elaborate 
experiments,  the  dependence  of  many  species  of  plants  on  soil,  air  and 
stimulus ;  whibt  the  third  has  already  been  alluded  to  as  one  of  our  best 
actual  contributors. 

If  in  reviewing  our  previous  labours  I  have  endeavoured  t6  gain  your  at- 
tention by  some  incidental  allusions  to  our  present  proceedings,  I  have  yet  to 
assure  you,  that  the  memoirs  communicated  to  our  Secretaries  are  sufficiently 
numerous  to  occupy  our  Sections  during  the  ensuing  week  with  all  the  vigour 
which  has  marked  our  opening  day.    Among  the  topics  to  which  our  as- 
sembling at  Southampton  gives  peculiar  interest,  I  may  still  say  that  if 
geologists  should  find  much  to  interest  them  in  the  Isle  of  Wight,  the  same 
island  contains  a  field  for  a  very  curious  joint  discussion  between  them  and 
the  mathematicians,  with  which  I  became  acquainted  in  a  previous  visit  to 
this  place.    It  is  a  discovery  by  Colonel  Colby,  the  Director  of  the  Trigo- 
nometrical Survey,  of  the  existence  of  a  notable  attraction  of  the  plumb-line 
to  the  south,  at  the  trigonometrical  station  called  Dunnose,  on  Shanklin 
Down.    The  Vietails  of  this  singular  phsBnomenon,  which  has  been  verified 
by  observations  with  the  best  zenith  sectors,  will  be  laid  before  the  Sections. 
In  the  meantime,  we  may  well  wonder,  that  on  the  summit  of  a  chalk  hill  of 
low  altitude  which  is  bounded  on  the  south  by  the  sea  (near  whose  level  the 
deviation  is  scarcely  perceptible),  there  should  exist  an  attraction  of  more 
than  half  the  intensity  of  that  which  was  registered  by  Maskelyne,  when  he 
suspended  a  plummet  at  the  side  of  the  lofty  Scottish  mountain  of  Schehal- 
Hon  I    If  those  of  our  geologists,  who  like  Mr.  Hopkins  of  Cambridge  have 
entered  boldly  into  the  field  of  geological  dynamics,  cannot  explain  this  re- 
markable fact,  by  connecting  it  with  the  ridge  of  dislocated  strata  that  runs 
through  the  island  as  a  back-bone  from  west  to  east,  may  we  venture  to 
refer  it  to  dense  plntonic  masses  of  rock  ranging  beneath  the  surface,  parallel 
to  the  line  of  displacement  of  the  deposits  ? 

Another  local  subject — one  indeed  of  positive  practical  interest — that 
itands  before  us  for  discussion,  is,  whether,  by  persevering  in  deepening  the 
large  shaft  which  they  have  sunk  so  deep  into  the  chalk  near  this  town,  the 
mhabitants  of  Southampton  may  expect  to  be  eventually  repaid,  like  those 
of  Paris,  by  a  full  supply  of  subterranean  water,  which  shall  rise  to  the 
surface  of  the  low  plateau  on  which  the  work  has  been  undertaken  ?  On 
no  occasion,  I  must  observe,  could  this  town  be  furnished  with  a  greater 
number  of  willing  counsellors,  whose  opinions  will,  it  is  hoped,  be  ade- 
quately valued  by  the  local  authorities.  The  question  whether  this  work 
ooght  to  be  proceeded  with  or  not,  will  however,  I  apprehend,  be  most 
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effectively  answered  by  those  geologists  who  are  best  acquainted  with  the 
sections  in  the  interior  of  this  county,  and  with  the  levels  at  which  the  upper 
greensand  and  subcretaceous  strata  there  crop  out  and  receive  the  waters, 
which  thence  flow  southwards  beneath  the  whole  body  of  chalk  of  the  hills 
in  the  south  of  Hampshire. 

Again,  as  we  are  now  assenobled  in  the  neighbourhood  of  our  great 
naval  arsenal — as  some  of  its  functionaries,  including  the  Admiral  on  the 
station,  have  honoured  us  with  their  support,  and  as,  further,  I  am  now 
speaking  in  a  town  whose  magnificent  new  docks  may  compete  with  any 
for  bold  and  successful  engineering,  I  must  say  a  few  words  on  our  naval 
architecture,  the  more  so  as  we  have  here  a  Mechanical  Section,  presided 
over  by  the  eminent  mechanician  Professor  Willis,  assisted  by  the  great 
dynamical  mathematician  Dr.  Robinson,  and  that  sound  engineer  George 
Rennie.  Duly  impressed  with  the  vast  national  importance  of  this  subject, 
and  at  the  same  time  of  its  necessary  dependence  on  mathematical  principles, 
the  British  Association  endeavoured  in  its  earliest  days  to  rouse  attention  to 
the  state  of  ship-building  in  England,  and  to  the  history  of  its  progress  in 
France  and  other  countries,  through  a  memoir  by  the  late  Mr.  G.  Harvey. 
It  was  then  contended,  that  notwithstanding  the  extreme  perfection  to  which 
the  internal  mechanism  of  vessels  had  been  brought,  their  external  forms 
or  lines,  on  which  their  sailing  so  much  depends,  were  deficient  as  to  ad- 
justment by  mathematical  theory.  Our  associate  Mr.  Scott  Russell  has, 
as  you  know,  ably  developed  this  view.  Experimenting  upon  the  resistance 
of  water,  and  ascertaining  with  precision  the  forms  of  vessels  which  would 
pass  through  it  with  the  least  resistance,  and  consequently  with  the  greatest 
velocity,  he  has  contributed  a  most  valuable  series  of  memoirs,  accompaniecf 
by  a  great  number  of  diagrams,  to  illustrate  his  opinions  and  to  show  the 
dependence  of  naval  architecture  on  certain  mathematical  lines.  Employed, 
in  the  meantime,  by  merchants  on  their  own  account,  to  plan  the  construction 
of  sailing  ships  and  steamers,  Mr.  Scott  Russell  has  been  so  successful  in 
combining  theory  with  practice,  that  we  must  feel  satisfied  in  having  at 
different  meetings  helped  him  onwards  by  several  money  grants ;  our  only 
regret  being,  that  our  means  should  not  have  permitted  us  to  publish  the 
Whole  number  of  diagrams  of  the  lines  prepared  by  this  ingenious  author. 

But  however  desirous  to  promote  theoretical  knowledge  on  this  point,  the 
men  of  science  are  far  from  wishing  not  to  pay  every  deference  to  the  skilful 
artificers  of  our  wooden  bulwarks,  on  account  of  their  experience  and  practi* 
cal  acquaintance  with  subjects  they  have  so  long  and  so  successfully  handled. 
We  are,  indeed,  fully  aware,  that  the  naval  architects  of  the  Government, 
who  construct  vessels  carrying  a  great  weight  of  metal  and  requiring 
much  solidity  and  capacious  stowage,  have  to  solve  many  problems  with 
which  the  owners  of  trading  vessels  or  packets  have  little  concern.  Ail  that 
we  can  wish  for  is,  that  our  naval  arsenals  should  contain  schools  or  public 
boards  of  ship-building,  in  which  there  might  be  collected  all  the  "  constants 
of  the  art,"  in  reference  to  capacity,  displacement,  stowage,  velocity,  pitching 
and  rolling,  masting,  the  effect  of  sails  and  the  resistance  of  fluids.  Having 
ourselves  expended  contributions  to  an  extent  which  testify,  at  all  event<i, 
our  zeal  in  this  matter,  we  are,  I  think,  entitled  to  express  a  hope,  that  the 
data  derived  from  practice  by  our  eminent  navigators  may  be  effectively 
combined  with  the  indications  of  sound  theory  prepared  by  approved  culti- 
vators of  mathematical  and  mechanical  science. 

I  cannot  thus  touch  upon  such  useful  subjects  without  saying,  that  our  Sta- 
tistical Section  has  been  so  well  conducted  by  its  former  presidents,  that  its 
subjects,  liable  at  all  times  to  be  diverted  into  moral  considerations  and  thence 
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loto  politics,  have  been  invariably  restricted  to  the  branch  of  the  science 
which  deals  in  facts  and  numbers;  and  as  no  one  individual  has  contributed 
moce  to  the  storehouse  of  such  valuable  knowledge  than  Mr.  George  Porter 
(as  evidenced  even  by  his  report  in  our  last  volume),  so  may  we  believe  that 
in  this  town,  with  which  he  is  intimately  connected,  he  will  contribute  to 
raise  still  higher  the  claims  of  the  Section  over  which  he  is  so  well  qualified 
to  preside. 

If  in  this  discourse  I  have  referred  somewhat  more  largely  to  those 
branches  of  science  which  pertain  to  the  general  division  of  natural  history, 
in  which  alone  I  can  venture  to  judge  of  the  progress  made  by  others,  let  me 
however  say,  that  no  member  of  this  body  can  appreciate  more  highly  than 
I  do,  the  claims  of  the  mathematical  and  experimental  parts  of  philosophy, 
in  which  my  friend  Professor  Baden  Powell  of  Oxford,  who  supports  me  as 
a  Vice-President  of  this  meeting,  has  taken  so  distinguished  a  part.  No  one 
has  witoessed  with  greater  satisfaction  the  attendance  at  our  former  meetings 
of  men,  from  all  parts  of  Europe,  the  most  eminent  in  these  high  pursuits. 
No  one  can  more  glory  in  having  been  an  officer  of  this  Association  when 
it  was  honoured  with  the  presence  of  its  illustrious  correspondent  Bessel, 
than  whom  the  world  has  never  produced  a  more  profound  astronomer. 
If  among  his  numerous  splendid  discoveries  he  furnished  astronomers  with 
what  they  had  so  long  and  so  ardently  desired — a  fixed  and  ascertained  point 
in  the  immensity  of  space,  beyond  the  limits  of  our  own  sidereal  system,  it  is 
to  Bessel,  as  1  am  assured  by  a  contemporary  worthy  of  him,  that  Englishmen 
owe  a  debt  of  gratitude  for  bis  elaborate  discussion  of  the  observations  of  their 
immortal  Bradley,  which,  in  his  hands,  became  the  base  of  modern  astronomy. 

Passing  from  this  recollection,  so  proud  yet  so  mournful  to  us  all  as 
friends  and  admirers  of  the  deceased  Prussian  astronomer,  can  anyone  see  with 
more  delight  than  myself  the  brilliant  concurrence  at  our  present  Meeting  of 
naturalists,  geologists,  physiologists,  ethnologists  and  statists,  with  mathemati- 
cians, astronomers,  mechanicians,  and  experimental  philosophers  in  physics  and 
in  chemistry?  Surely  then  I  may  be  allowed  to  signalize  a  particular  ground  of 
gratification  among  so  many,  in  the  presence  at  this  Meeting  of  two  individuals 
in  our  Experimental  Sections,  to  one  of  whom,  our  eminent  foreign  associate 
Oersted,  we  owe  the  first  great  link  between  electric  and  magnetic  phenomena, 
by  showing  the  magnetic  properties  of  the  galvanic  current ;  whilst  the  other, 
our  own  Faraday,  among  other  new  and  great  truths  which  have  raised  the 
character  of  English  science  throughout  the  world,  obtained  the  converse 
proof  by  evoking  electricity  out  of  magnets.  And  if  it  be  not  given  to  the 
geologist  whom  you  have  honoured  with  this  chair,  to  explain  how  such  arcana 
have  been  revealed,  still,  as  a  worshiper  in  the  outer  portico  of  the  temple  of 
physical  science,  he  may  be  permitted  to  picture  to  himself  the  delight  which 
the  Danish  philosopher  must  have  felt,  when  on  returning  to  our  shores,  after 
an  absence  of  a  quarter  of  a  century,  he  found  that  the  grand  train  of  dis- 
covery of  which  he  is  the  progenitor,  had  just  received  its  crowning  accession 
in  England  from  his  former  disciple,  who,  after  a  long  and  brilliant  series 
of  investigations  peculiarly  his  own,  has  shown  that  magnetic  or  dia-magnetic 
forces  are  distributed  throughout  all  nature. 

And  thus  shall  we  continue  to  be  a  true  British  Association,  with  cosmo- 
polite connexions,  so  long  as  we  have  among  us  eminent  men  to  attract  such 
foreign  contemporaries  to  our  shores.  If  then  at  the  last  assembly  we  ex- 
perienced the  good  effects  which  flowed  from  a  concentration  of  mathe- 
maticians and  magneticians,  drawn  together  from  different  European  king- 
doms— if  then  also  the  man*  of  solid  learning,  who  then  represented  the 
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United  States  of  America,  and  who  is  now  worthily  presiding  over  the  Cam- 
bridge University  of  his  native  soil,  spoke  to  us  with  chastened  eloquence 
of  the  benefits  our  Institution  was  conferring  on  mankind ;  let  us  rejoice 
that  this  Meeting  is  honoured  by  the  presence  of  foreign  philosophers  as 
distinguished  as  those  of  any  former  year. 

Let  us  rejoice  that  we  have  now  among  us  men  of  science  from  Den* 
mark,  Sweden,  Russia,  Prussia,  Switzerland,  Italy  and  France.  The  King 
of  Denmark,  himself  personally  distinguished  for  his  acquaintance  with 
several  branches  of  natural  history,  and  a  warm  patron  of  science,  has 
honoured  us  by  sending  hither,  not  only  the  great  discoverer  Oersted,  who 
evincing  fresh  vigour  in  his  mature  age  brings  with  him  new  communications 
on  physical  science,  but  also  my  valued  friend,  the  able  geologist  and  chemist 
Forchhammer,  who  has  produced  the  first  geological  map  of  Denmark,  and 
who  has  presented  to  us  a  lucid  memoir  on  the  influence  exercised  by  marine 
plants  on  the  formation  of  ancient  crystalline  rocks,  on  the  present  sea  and 
on  agriculture. 

As  these  two  eminent  men  and  their  associates  of  the  North  received  me 
as  the  General  Secretary  of  the  British  Association  with  their  wonted  cor- 
diality at  the  last  Scandinavian  Scientific  Assembly,  I  trust  we  may  convince 
them  that  the  sentiment  is  reciprocal,  and  that  Englishmen  are  akin  to  them 
in  the  virtues  of  friendship  and  hospitality  which  so  distinguish  the  dwellers 
within  the  circle  of  Odin. 

Still  adverting  to  Scandinavia,  we  see  here  a  deputy  from  the  country  of  Lin- 
naeus in  the  person  of  Professor  Svanberg,  a  successful  young  experimenter  in 
physics,  who  represents  his  great  master  Berzelius — that  profound  chemist  and 
leader  of  the  science  of  the  North  of  Europe,  who  established  on  a  firm  basis 
the  laws  of  atomic  weights  and  definite  proportions,  and  who  has  personally 
assured  me,  that  if  our  Meeting  had  not  been  fixed  in  the  month  of  Sieptember, 
when  the  agriculturists  of  Sweden  assemble  at  Stockholm,  he  would  as- 
suredly have  repaired  to  us.  And  if  the  same  cause  has  prevented  Nilsson 
from  coming  hither,  and  has  abstracted  Retzius  from  us  (who  was  till  within 
these  few  days  in  England),  I  cannot  mention  these  distinguished  men,  who 
earnestly  desired  to  be  present,  without  expressing  the  hope,  that  the  memoirs 
they  communicate  to  us  may  give  such  additional  support  to  our  British  ethno- 
logists, as  will  enable  this  new  branch  of  science,  which  investigates  the  origin 
of  races  and  languages,  to  take  the  prominent  place  in  our  assemblies  to 
which  It  is  justly  entitled. 

The  Royal  Academy  of  Berlin,  whose  deputies  on  former  occasions  have 
been  an  Ehrenberg,  a  Buch,  and  an  Erman,  has  honoured  us  by  sending 
hither  M.  Heinrich  Ros6,  whose  work  on  chemical  analysis  is  a  text^book 
even  for  the  most  learned  chemists  in  every  country  ;  and  whilst  his  researches 
on  the  constitution  of  minerals,  like  those  of  his  eminent  brother  Gustave  on 
their  form,  have  obtained  for  him  so  high  a  reputation,  he  now  brings  to  ua 
the  description  of  a  new  metal  which  he  has  discovered  in  the  Tantalite  of 
Bavaria. 

Switzeriand  has  again  given  to  us  that  great  master  in  palseontology,  Agassiz, 
who  has  put  arms  into  the  hands  of  British  geologists  with  which  they  have 
conquered  vast  regions,  and  who  now  on  his  road  to  new  fields  in  America, 
brings  to  us  his  report  on  the  fossil  fishes  of  the  basin  of  London,  which  will,  he 
assures  me,  exceed  in  size  all  that  he  has  ever  written  on  ichtbyolites. 

From  the  same  country  we  have  our  warm  friend  Professor  Schonbein,  who, 
in  addition  to  his  report  on  Ozone,  to  which  I  have  already  referred,  has  now 
brought  to  us  a  discovery  which  promises  to  be  of  vast  practical  importance. 
The  *'  gun-cotton"  of  Schonbein,  the  powers  of  which  he  will  exhibit  to  his 
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n  exploaive  subatance,  which  i*  lUted  to  excrciw  a  stroDger 
prqectile  force  than  gunpowder,  to  poMCM  the  great  sdraDtages  orer  it  of 
prDdnciDg  little  or  u6  amoke  or  noise,  and  of  icarcelj  aoiling  fire-amu ;  whiUt 
no  amount  of  wet  injures  thia  new  inbatance,  which  i*  aa  aerTiceable  after 
being  dried  aa  in  its  firat  condition.  The  mere  mention  of  these  properties, 
to  which  our  aaaociate  laja  claim  for  his  new  material,  ia  aufflcient  to  eng- 
gat  ita  extraordinary  value  in  warlike  aSaira,  as  also  in  every  sort  of  aub- 
temmeon  blasting,  and  maj  well  lead  me  to  say,  that  this  discovery,  which 
may  almost  rival  the  invention  of  the  substance  which  it  is  destined  to  sup- 
plant, will  signally  mark  this  meeting  at  Southampton.  But,  as  if  British 
chemistry  were  not  to  be  outdone,  here  also  there  will  be  promulgated,  for 
the  firat  time,  the  very  remarkable  discovery  of  oar  countryman  Mr.  Grove, 
of  the  decompoeition  of  water  by  heat. 

Profeasor  Matteucci  of  Modena,  who  joined  ua  at  the  York  meeting,  and 
then  explained  his  various  new  and  delicate  investigations  in  electro-phy- 
siology, agun  favours  us  with  a  visit,  as  the  representative  of  the  Italian 
Philosophical  Society  of  Modena  and  of  the  University  of  I^sa.  Thia 
ingenioos  philoMpher,  who  has  measured  the  effect  of  galvanic  currents  in 
existing  through  the  nerves  mechanical  force  in  the  muscles,  doubtless  brings 
with  him  snch  interesting  contribution  aa  will  add  great  additicmal  interest 
to  the  proceedings  of  the  Physiological  Section. 

Among  these  sources  of  gratification,  no  one  has  afforded  me  sincerer 
pleasure  than  to  welcome  hitiier  the  undaunted  Siberian  explorer.  Professor 
von  Middendorff.  Deeply  impressed  as  I  am  with  the  estimation  in 
which  science  is  held  by  the  illustrious  ruler  of  the  empire  of  Russia,  I 
eaimot  but  hope  that  the  presence  of  this  traveller,  so  aignalised  by  his 
enterprising  exploits,  may  meet  with  a  friend  in  every  Englishman  who  ia 
acquainted  with  the  arduous  nature  of  his  travels.  To  traverse  Siberia 
from  sooth  to  north  and  from  west  to  east ;  to  reach  by  land  the  extreme 
nortberrt  headland  of  Taimyr;  to  teach  us,  for  the  first  time,  that  even 
to  the  latitude  of  72°  north,  trees  with  stems  extend  themselves  in  that 
meridian ;  that  crops  of  rye,  more  abundant  than  in  his  native  Livonia,  grow 
beyond  Yakutsk,  on  the  surface  of  that  frozen  subnoil,  the  intensity  and 
measure  of  cold  in  which  he  has  determined  by  thermometric  experiments; 
to  explain,  through  their  language  and  physical  form,  the  origin  of  tribes  now 
far  removed  from  their  parent  stock  ;  to  explore  the  far  eastern  regions  of 
the  Sea  of  Ohkotsk  and  of  the  Shantar  Isles ;  to  define  the  remotest  north- 
eastern boundary  Iwtween  China  and  Kussia ;  and  finally  to  enrich  St.  Peters- 
bur^h  with  the  natural  productions,  both  fossil  and  recent,  of  all  these  wild 
and  untrodden  lands,  are  the  exploits  for  which  the  Royal  Geographical  So 
ciety  of  London  has,  at  its  taut  meeting,  conferred  its  Gold  Victoria  Medal  on 
this  most  succesaful  explorer.  Profeaaor  von  Middendorff  now  visits  us  to  con- 
vene with  ournaturalistsmost  able  to  assist  him,  and  to  inspect  our  museuma, 
in  which,  by  comparison,  he  can  best  determine  the  value  of  specific  cha- 
racters before  he  completes  the  description  of  his  copious  accumulations ;  and 
I  trust  that  during  hia  stay  in  England  be  will  be  treated  with  as  much  true 
hospitality  as  I  have  myself  received  at  the  bands  of  his  kind  countrymen. 

It  is  impossible  forme  to  make  this  allusion  to  the  Russian  empire,  tvitliout 
assuring  you  that  our  allies  in  science  on  the  Neva,  who  have  previom^ly  sent 
to  OS  B  Jacobi  and  a  Kupffer,  are  warmly  desirous  of  continuing  their  good 
connexion  with  us.     It  was  indeed  a  source  of  great  pleasure  to  roe  to  hr 
recently  bad  peisonal  intercourse  in  tbis  very  town  with  that  eminent  scien 
navigator  Admiral  Liitke,  in  whose  squadron  His  Imperial  Highn^'ss 
Grand  Dtike  Conetanlioe  was  acquiring  a  knowledge  of  his  maritime  di 
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Besides  the  uarrative  of  his  former  voyages,  Liitke  has  since  published  an 
account  of  the  periodical  tides  in  the  Great  Northern  Ocean  and  in  the 
Glacial  Sea,  which  I  have  reason  to  think  is  little  known  in  this  country. 
Having  since  established  a  hypsahgraphe  in  the  White  Sea,  and  being  also 
occupied  from  time  to  time  in  observations  in  Behring's  Straits,  the  Russians 
will  soon  be  able  to  provide  us  with  other  important  additions  to  our 
knowledge  of  this  subject.  Se[>arated  so  widely  as  Admiral  Liitke  and  Dr. 
Whewell  are  from  each  other,  it  is  pleasing  to  see,  that  the  very  recommenda- 
tion which  the  last-mentioned  distinguished  philosopher  of  the  tides  has  re- 
cently suggested  to  me,  as  a  subject  to  be  encouraged  by  this  Association,  has 
been  zealously  advocated  by  the  former.  Let  us  hope  then  that  this  Meeting 
will  not  pass  away  without  powerfully  recommending  to  our  own  Government, 
as  well  as  to  that  of  His  Imperial  Majesty,  the  carrying  out  of  systematic  and 
simultaneous  investigations  of  the  tides  in  the  Great  Ocean,  particularly  in  the 
Northern  Pacific, — a  subject  (as  Admiral  Liitke  well  observes)  which  is  not 
less  worthy  of  special  expeditions  and  of  the  attention  of  great  scientific  bodies, 
than  the  present  inquiries  into  terrestrial  magnetism ;  and  one  which,  I  may 
add,  this  Association  will  doubtless  warmly  espouse,  since  it  has  such  strong 
grounds  for  being  satisfied  with  the  results  which  it  has  already  contributed  to 
obtain  through  its  own  grants,  and  by  the  researches  of  several  of  its  associates. 

Lastly,  in  alluding  to  our  foreign  attendants,  let  us  hope  that  our  nearest 
neighbours  may  respond  to  our  call,  and  may  prove  by  their  aflSuence  to 
Southampton,  that  in  the  realms  of  science  there  is  that  ^'  entente  cordiale  " 
beti^een  their  great  nation  and  our  own,  of  which,  at  a  former  meeting,  we 
were  assured  by  the  profound  Arago  himself.  No  sooner  was  it  made  known 
that  the  Chair  of  Chemistry  at  this  Meeting  was  to  be  filled  by  Michael 
Faraday,  than  a  compeer  worthy  of  him  in  the  Academy  of  Sciences  of  Paris 
was  announced  in  the  person  of  M.  Dumas  *,  by  a  letter  from  that  philoso- 
pher to  myself.  To  M.  Dumas  it  is  well  known  that  we  owe,  not  only  the 
discovery  of  the  law  of  substitution  of  types,  which  has  so  powerfully  aided 
the  progress  of  organic  chemistry,  but  also  the  successful  application  of  his 
science  to  the  arts  and  useful  purposes  of  life  ;  his  great  work  on  that  sub- 
ject, '  La  Chiniie  appliqu^e  aux  Arts,'  being  as  familiar  in  every  manufactory 
in  England  as  it  is  upon  the  Continent. 

Nor,  if  we  turn  from  chemistry  to  geology,  will  such  of  us  as  work  among 
the  rocks  be  backward  in  welcoming  any  French  geologists  who  may  come 
to  examine,  in  our  own  natural  sections  of  the  Isle  of  Wight,  the  peculiar 
development  of  their  Paris  basin,  the  identity  of  their  chalk  and  our  own, 
the  fine  sections  of  our  greensand  and  of  the  Wealden  formation  of  Mantell, 
and  to  determine  with  us  in  situ  the  strict  relations  of  their  Neocomian  rocks 
with  those  peculiar  strata  which  at  Atherfield,  in  the  Isle  of  Wight,  have 
been  so  admirably  illustrated  by  Dr.  Fitton  and  other  native  geologists,  and 
of  which  such  beautiful  and  accurate  diagrams  have  been  prepared  by 
Captain  Ibbetson. 

Will  it  not  then  be  admitted,  that  the  gathering  together  of  such  foreign 
philosophers,  as  those  above  mentioned,  with  our  own  men  of  science,  must 
be  productive  of  good  results  ?  Putting  aside  even  the  acknowledged  fact, 
that  numerous  memoirs  of  value  are  published  in  one  country  which  are 
unknown  in  another,  where  is  the  person,  acquainted  with  the  present  acce- 
lerated march  of  science,  who  can  doubt  that  the  germs  of  discovery  which 
are  floating  in  the  minds  of  distant  contemporaries,  must  often  be  brought 
to  maturity  by  the  interchange  of  such  thoughts  ?     The  collision  of  these 

*  The  resolution  of  M.  Dumaft  to  visit  the  Meeting  was  arrested  by  a  suddeu  ilbess,  and 
hi9  apology  only  reached  the  President  towards  the  close  of  the  Meeting. 
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thoughts  may  indeed  be  compared  to  the  agency  of  the  electric  telegraph  of 
our  own  Wheatstone,  which  concentrates  knowledge  from  afar,  and  at  once 
QQites  the  extremities  of  kingdoms  in  a  common  circle  of  intelligence. 

But  although  the  distinguished  foreigners  to  whom  I  have  adverted,  and 
others,  including  our  welcome  associate  M.  Wartmann,  the  Founder  of  the 
Vaudois  Society,  and  M.  Prevost  of  Geneva,  on  whose  merits  I  would 
willingly  dilate  if  time  permitted  it,  are  now  collected  around  us ;  many, 
among  whom  I  must  name  M.  de  Caumont,  the  President  of  the  French 
Society  for  the  Advancement  of  Science,  have  been  prevented  from  ho- 
nouring UB  with  their  presence,  because  the  national  meetings  in  their 
several  countries  also  occur  in  the  month  of  September.  To  remedy  this  in- 
convenience, 1  ventured,  when  addressing  you  six  years  ago  at  the  Glasgow 
meeting,  to  express  the  hope,  that  each  of  the  European  societies  might 
be  led  to  abstain  during  one  year  from  assembling  in  its  own  country,  for 
the  purpose  of  repairing  by  its  own  deputies  to  a  general  congress,  to  be 
held  at  Frankfort  or  other  central  city  under  the  presidency  of  the  universal 
Humboldt.  Had  the  preparation  of  the  '  Cosmos '  and  other  avocations  of 
that  renowned  individual  permitted  him  to  accept  this  proposition,  which 
the  British  Association  would  doubtless  have  supported,  many  benefits  to 
science  must  have  resulted,  and  each  national  body,  on  re-assembling  the 
following  year  in  its  native  laud,  would,  I  am  convinced,  have  more  vigorously 
resumed  its  researches. 

But  whether  it  be  considered  desirable  or  not  to  suspend  the  national 
scientific  meetings  during  one  year,  I  call  on  my  countrymen  and  their  foreign 
friends  now  present,  to  sustain  the  proposal  for  centralizing  in  a  future  year 
the  representatives  of  the  various  branches  of  science  of  different  countries, 
when  they  may  at  once  learn  the  progress  made  in  each  nation,  and  when,  at 
all  events,  they  can  so  appoint  the  periods  of  their  respective  assemblies, 
as  to  prevent  those  simultaneous  meetings  in  France,  Germany,  Scandinavia, 
Italy,  Switzerland  and  England,  which  are  so  much  to  be  deprecated  as  in- 
terfering with  a  mutual  intercourse. 

Finally,  my  fellow-labourers  in  science,  if  by  our  united  exertions  we  have 
done  and  are  doing  good  public  service,  let  me  revert  once  more  to  the  place 
in  which  we  are  assembled,  and  express  on  your  part  the  gratification  I  know 
you  experience  in  being  on  this  occasion  as  well  supported  by  the  noblemen, 
dei^ymen,  and  landed  proprietors  around  Southampton,  as  by  its  inhabitants 
themselves — an  union  which  thus  testifies  that  the  British  Association  em- 
bracer all  parties  and  all  classes  of  men. 

Seeing  near  me  Her  Majesty's  Secretary  of  State  for  Foreign  Affairs, 
the  Speaker  of  the  House  of  Commons,  and  several  persons  of  high  station 
and  great  influence,  who  willingly  indicate  by  their  presence  the  sense 
they  entertain  of  the  value  of  our  conferences  and  researches,  let  us  wel- 
come these  distinguished  individuals,  as  living  evidences  of  that  good  opinion 
of  our  countrymen,  the  possession  of  which  will  cheer  us  onward  in  our 
career.  And  above  all,  let  us  cherish  tbe  recollection  of  this  Southampton 
Meeting,  which  will  be  rendered  memorable  in  our  annals  by  the  pre- 
sence of  the  illustrious  Consort  of  our  beloved  Sovereign,  who  participating 
in  oar  pursuits,  in  some  of  which  His  Royal  Highness  is  so  well- versed, 
thus  demonstrates  that  our  Association  is  truly  national,  and  enjoys  the 
most  general  and  effectual  support  throughout  British  society,  from  the 
humblest  cultivators  of  science  to  the  highest  personages  in  the  realm. 
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Report  on  Recent  Researches  in  Hydrodynamics, 
By  6.  G.  Stokes^  M,A.y  Fellow  of  Pembroke  College^  Cambridge* 

At  tlie  meeting  of  the  British  Association  held  at  Cambridge  last  year,  the 
Committee  of  the  Mathematical  Section  expressed  a  wish  that  a  Report  on 
Hydrodynamics  should  be  prepared,  in  continuation  of  the  reports  which 
Prof.  Challis  had  already  presented  to  the  Association  on  that  subject.  Prof. 
Challis  having  declined  the  task  of  preparing  this  report,  in  consequence  of 
the  pressure  of  other  engagements,  the  Committee  of  the  Association  did 
me  the  honour  to  entrust  it  to  me.  In  accordance  with  the  wishes  of  the 
Committee,  the  object  of  the  pi*esent  report  will  be  to  notice  researches  in 
this  subject  subsequent  to  the  date  of  the  reports  of  Prof.  Challis.  It  will 
sometimes  however  be  convenient,  for  the  sake  of  giving  a  connected  view 
of  certain  branches  of  the  subject,  to  refer  briefly  to  earlier  investigations. 

The  fundamental  hypothesis  on  which  the  science  of  hydrostatics  is  based 
may  be  considered  to  be,  that  the  mutual  action  of  two  adjacent  portions  of 
a  fluid  at  rest  is  normal  to  the  surface  which  separates  them.  The  equality 
of  pressure  in  all  directions  is  not  an  independent  hypothesis,  but  a  necessary 
consequence  of  the  former.  This  may  be  easily  proved  by  the  method  given 
in  the  JExercices  of  M.  Cauchy  *,  a  method  which  depends  on  the  considera* 
tioD  of  the  forces  acting  on  a  tetrahedron  of  the  fluid,  the  dimensions  of  which 
are  in  the  end  supposed  to  vanish.  This  proof  applies  equally  to  fluids  at 
rest  and  fluids  in  motion ;  and  thus  the  hypothesis  above-mentioned  may  be 
considered  as  the  fundamental  hypothesis  of  the  ordinary  theory  of  hydro- 
dynamics, as  well  as  hydrostatics.  This  hypothesis  is  fully  confirmed  by  ex-* 
periment  in  the  case  of  the  equilibrium  of  fluids ;  but  the  comparison  of  theory 
and  experiment  is  by  no  means  so  easy  in  the  case  of  their  motion,  on  account 
of  the  mathematical  difficulty  of  treating  the  equations  of  motion.  Still 
enough  has  been  done  to  show  that  the  ordinary  equations  will  suffice  for 
the  exphination  of  a  great  variety  of  phsenomena ;  while  there  are  others  the 
laws  of  which  depend  on  a  tangential  force,  which  is  neglected  in  the  common 
theory,  and  in  consequence  of  which  the  pressure  is  different  in  different 
directions  about  the  same  point.  The  linear  motion  of  fluids  in  uniform 
pipes  and  canab  is  a  simple  instance.  In  the  following  report  I  shall  first 
consider  the  common  theory  of  hydrodynamics,  and  then  noti<ie  some  theo- 
ries which  take  account  of  the  inequality  of  pressure  in  different  directions. 
It  will  be  convenient  to  consider  the  subject  under  the  following  heads : — 

L  General  theorems  connected  with  the  ordinary  equations  of  fluid  motion* 

TL  Theory  of  waves,  including  tides. 

«  *  Tom.  ii.  p.  42. 
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III.  The  discharge  of  gases  through  small  orifices. 

IV.  Theory  of  sound. 

V.  Simultaneous  oscillations  of  fluids  and  solids. 

VI.  Formation  of  the  equations  of  motion  when  the  pressure  is  not  sup- 
poi^d  equal  in  all  directions. 

I.  Although  the  common  equations  of  hydrodynamics  have  been  so  long 
known,  their  complexity  is  so  great  that  little  has  been  done  with  them 
except  in  the  case  in  which  the  expression  usually  denoted  by 

udx-\'Vdf^'^wdz (A.) 

is  the  exact  differential  of  a  function  of  the  independent  variables  x,  y,  z*. 
It  becomes  then  of  the  utmost  importance  to  inquire  in  what  cases  this  sup- 
position may  be  made.  Now  Lagrange  enunciated  two  theorems,  by  virtue 
of  which,  supposing  them  true,  the  supposition  may  be  made  in  a  great 
number  of  important  cases,  in  fact,  in  nearly  all  those  cases  which  it  is  most 
interesting  to  investigate.  It  must  be  premised  that  in  these  theorems  the 
accelerating  forces  ^  K,  Zare  supposed  to  bo  such  that  JCE2r+  Ydy-{'  Zdz  is 
an  exact  differential,  supposing  the  time  constant,  and  the  density  of  the  fluid  is 
supposed  to  be  either  constant,  or  a  function  of  the  pressure.  The  theoremsare— ^ 

First,  that  (A.)  is  approximately  an  exact  differential  when  the  motion  is 
so  small  that  squares  and  products  of  «,  v,  w  and  their  differential  coefficienta 
may  be  neglected.  By  cdling  (A.)  approximately  an  exact  differential,  it  is 
meant  that  there  exists  an  expression  u,cb^'\-v^y+to/IZi  which  is  accurately 
an  exact  differential,  and  which  is  such  that  u^  v^,  w^  differ  from  UfV,w 
respectively  by  quantities  of  the  second  order  only. 

Secondly,  that  (A.)  is  accurately  an  exact  differential  at  all  times  when  it 
is  so  at  one  instant,  and  in  particular  when  the  motion  begins  from  rest 

It  has  been  pointed  out  by  Poisson  that  the  first  of  these  theorems  is  not 
truef .  In  fact,  the  initial  motion,  being  arbitrary,  need  not  be  such  as  to 
render  (A.)  an  exact  differential.  Thus  those  cases  coming  under  the  first 
theorem  in  which  the  assertion  is  true  are  merged  in  those  which  come  under 
the  second,  at  least  if  we  except  the  case  of  small  motions  kept  up  by  dis- 
turbing causes,  a  case  in  which  we  have  no  occasion  to  consider  initial  motion 
at  all.    This  case  it  is  true  is  very  important 

The  validity  of  Lagrange's  proof  of  the  second  theorem  depends  on  the 
legitimacy  of  supposing  «,  v  and  w  capable  of  expansion  acconiing  to  posi- 
tive, integral  powers  of  the  time  i,  for  a  sufficiently  small  value  of  that  varia- 
ble. This  proof  lies  open  to  objection ;  for  there  are  functions  of  i  the 
expansions  of  which  contain  fractional  powers,  and  there  are  others  whioh 
cannot  be  expanded  according  to  ascending  powers  of  t^  integral  or  fractional, 
even  though  they  may  vanish  when  ^  s  0.  It  has  been  shown  6y  Mr.  Power 
that  Lagrange's  proof  is  still  applicable  if  ti,  v  and  w  admit  of  expansion 
according  to  ascending  powers  of  toi  any  kind:^.  .The  second  objection 
however  still  remains :  nor  does  the  proof  which  Poisson  has  substituted  for 
Lagrange's  in  his  'Traits  de  M^anique'  appear  at  all  more  satisfactory* 
Besides,  it  does  not  appear  from  these  proofs  what  becomes  of  the  theorem  if 
it  is  only  for  a  certain  portion  of  the  fluid  that  (A.)  is  at  one  instant  an  exact 
differential. 

M.  Cauchy  has  however  given  a  proof  of  the  theorem  {,  which  is  totally 
different  from  either  of  the  former,  and  perfectly  satisfactory.    M.  Cauchy 

*  In  neariy  all  the  investigations  of  Mr.  Airy  it  will  be  found  that  (A.)  b  an  exact  dlflbren- 
tial,  although  he  doe*  not  start  with  atittming  it  to  b«  to. 
f  M^moires  de  TAcad^mie  des  Sciences,  torn.  x.  p.  554. 
X  Transactions  of  the  Cambridge  Philosophical  Society,  vol  vli.  p.  455. 
{  M^moirei  dea  Saraoi  Etraugers,  toro.  I.  p.  40. 
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fiiBtdiminates  the  pressare  by  differentiation  from  the  three  partial  differential 
equations  of  motion.  He  then  changes  the  independent  variables  in  the 
three  resulting  equations  from  x,  y,  z^t  to  Oj  6,  c,  ^  where  a,  &,  e  are  the 
initial  co-ordinates  of  the  particle  whose  co-ordinates  at  the  time  <  are  x,y,  z* 
The  three  transformed  equations  admit  each  of  being  once  integrated  with 
respect  to  tj  and  the  arbitrary  functions  of  a,  b,  e  introduced  by  integration 
are  determined  by  the  initial  motion,  which  is  supposed  to  be  given.  The 
theorem  in  question  is  deduced  without  difficulty  from  the  integrals  thus 
obtained.  It  is  easily  proved  that  if  the  velocity  is  suddenly  altered  by 
means  of  impulsive  forces  applied  at  the  surface  of  the  fluid,  the  alteration  is 
such  as  to  leave  (A.)  an  exact  differential  if  it  were  such  before  impact. 
M.  Cauchy's  proof  shows  moreover  that  if  (A.)  be  an  exact  differential  for 
one  portion  of  the  fluid,  although  not  for  the  whole,  it  will  always  remain  so 
for  that  portion.  It  should  be  observed,  that  although  M.  Cauchy  has  proved 
the  theorem  for  an  incompressible  fluid  only,  the  same  method  of  proof 
applies  to  the  more  general  case  in  which  the  density  b  a  function  of  the 
pressure* 

In  a  paper  read  last  year  before  the  Cambridge  Philosophical  Society,  I 
have  given  a  new  proof  of  the  same  theorem*.  This  proof  is  rather  simpler 
than  M.  Caucfay's,  inasmuch  as  it  does  not  require  any  integration. 

In  a  paper  published  in  the  Philosophical  Magazine  f,  Prof.  Challis  has 
raised  an  objection  to  the  application  of  the  theorem  to  the  case  in  which 
the  motion  of  the  fluid  begins  from  rest  According  to  the  views  contained 
in  this  paper,  we  are  not  in  general  at  liberty  to  suppose  (A.)  to  be  an  exact 
differential  when  u,  v  and  to  vanish :  this  supposition  can  only  be  made  when 
the  limiting  value  of /*•  (udx-k-vdy-^wdz)  is  an  exact  differential,  where 
«  b  so  taken  as  that  one  at  least  of  the  terms  in  this  expression  does  ftot 
vanish  when  i  vanishes. 

It  is  maintained  by  Prof.  Challis  that  the  received  equations  of  hydro* 
dynamics  are  not  complete,  as  regards  the  analytical  principles  of  the  science, 
and  he  has  given  a  new  fundamental  equation,  in  addition  to  those  received, 
which  he  calls  the  equation  of  eonHnuU^  of  du  moHonX*  On  this  equation 
Prof.  Challis  rests  a  result  at  which  he  has  arrived,  and  which  all  most  allow 
to  be  most  important,  supposing  it  correct,  namely  that  whenever  (A.)  is  an 
exact  differential  the  motion  of  the  fluid  is  necessarily  rectilinear,  one  peculiar 
case  of  circular  motion  being  excepted.  As  I  have  the  misfortune  to  differ 
from  Professor  Challis  on  the  points  mentioned  in  this  and  the  preceding 
paragraph,  for  reasons  which  cannot  be  stated  here,  it  may  be  well  to  apprise 
the  reader  that  many  of  the  results  which  will  be  mentioned  further  on  as 
satis&etory  lie  open  to  Prof.  Challis's  objections. 

By  virtue  of  the  equation  of  continuity  of  a  homogeneous  incompressible 
fluid,  the  expression  udy—vdx  will  always  be  the  exact  differential  of  a 
function  of  x  and  y.  In  the  Cambridge  Philosophical  Transactions  §  there 
will  be  fonnd  some  applications  of  this  function,  and  of  an  analogous  function 
for  the  case  of  motion  which  is  symmetrical  about  an  axi^,  and  takes  place 
in  planes  passing  through  the  axis.  The  former  of  these  functions  had  been 
previoosly  employed  by  Mr.  Eamshaw. 

II.  In  the  investigations  which  come  under  this  head,  it  is  to  be  understood 
that  the  motion  is  supposed  to  be  very  small,  so  that  flrst  powers  only  of 
small  quantities  are  retained,  unless  the  contrary  is  stated. 

*  Trmiuactions  of  the  Cambridge  Philosophical  Society,  vol.  y\\u  p.  307. 
f  VoL  zziT.  New  Series,  p.  94, 

X  Transactions  of  the  Cambridge  Philosophical  Society,  vol.  viii.  p.  31 ;  and  Philosophical 
Magastne,  voi  xsyi.  Mcw  SeritSi  p.  425.  f  Vol.  vti.  p.  439. 
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The  researcheA  of  MM.  Poisson  and  Cauchv  were  directed  to  the  inves- 
tigation  of  the  waves  produced  by  disturbing  causes  acting  arbitrarily  on  a 
small  portion  of  ihe  fluid,  which  is  then  left  to  itself.  The  mathematical 
treatment  of  such  cases  is  extremely  difficult ;  and  after  all,  motions  of  this 
kind  are  not  tho^e  which  it  is  most  interesting  to  investigate.  Consequently 
it  is  the  simpler  cases  of  wave  motion,  and  those  which  are  more  nearly  con* 
nected  with  the  phsenomena  which  it  is  most  desirable  to  explain,  that  have 
formed  the  principal  subject  of  more  recent  investigations.  It  is  true  that 
there  is  one  memoir  by  M.  Ostrogradsky,  read  before  the  French  Academy 
in  1826*,  to  which  this  character  does  not  apply.  In  this  memoir  the  author 
has  determined  the  motion  of  the  fluid  contained  in  a  cylindrical  basin,  sup- 
posing the  fluid  at  first  at  rest,  but  its  surface  not  horizontaU  The  iuterest 
of  the  memoir  however  depends  almost  exclusively  on  the  mathematical 
processes  employed;  for  the  result  is  very  complicated,  and  has  not  been 
discussed  by  the  author.  There  b  one  circumstance  mentioned  by  M.  Plauai" 
which  increases  tlie  importance  of  the  memoir  in  a  mathematical  point  of 
view,  which  is  that  Poisson  met  with  an  apparent  impossibility  in  endea-> 
touring  to  solve  the  same  problem.  I  do  not  know  whether  Poisson's  attempt 
was  ever  published. 

Theory  cf  Long  Waves. — ^When  the  length  of  the  waves  whose  motion  is 
considered  is  very  great  compared  with  the  depth  of  the  fluid,  we  may  without 
sensible  error  neglect  the  difference  between  the  horizontal  motions  of  dif-* 
ferent  particles  in  the  same  vertical  line,  or  in  other  words  suppose  the  par* 
tides  once  in  a  vertical  line  to  remain  in  a  vertical  line :  we  may  also  neglect 
the  vertical,  compared  with  the  horizontal  efl^ective  force.  These  considera- 
tions extremely  simplify  the  problem ;  and  the  theory  of  long  waves  b  very 
important  from  its  bearing  on  the  theory  of  the  tides.  Lagrange's  solution 
of  the  problem  in  the  case  of  a  fluid  of  uniform  depth  is  well  known.  It  is 
true  that  Lagrange  fell  into  error  in  extending  his  solution  to  cases  to  which 
it  does  not  apply ;  but  there  is  no  question  as  to  the  correctness  of  his  result 
when  properly  restricted,  that  is  when  applied  to  the  case  of  long  waves  only. 
There  are  however  many  questions  of  interest  connected  with  this  theory 
which  have  not  been  considered  by  Lagrange.  For  instance,  what  will  be 
the  velocity  of  propagation  in  a  uniform  canal  whose  section  is  not  rectan* 
gttlar?  How  will  the  form  of  the  wave  be  altered  if  the  depth  of  the  fluid, 
or  the  dimensions  of  the  canal,  gradually  alter? 

In  a  paper  read  before  the  Cambridge  Philosophical  Society  in  May  1 837 1» 
the  late  Mr.  Green  has  considered  the  motion  of  long  w*ave8  in  a  rectangular 
canal  whose  depth  and  breadth  alter  very  slowly,  but  in  other  respects  quite 
arbitrarily.    Mr.  Green  arrived  at  the  following  results : — If /3  be  the  breadth, 

and  y  the  depth  of  the  canal,  then  the  height  of  the  wave  0Ci3~*y"*  the 

horizontal  velocity  of  the  particles  inagiven  phaseof  their  motion  QC  fi     y    ** 

the  length  of  the  wave  QC  y^,  and  the  velocity  of  propagation  =  \^py.  With 
respect  to  the  height  of  the  wave,  Mr.  Russell  was  led  by  his  experiments  to 
the  same  law  of  its  variation  as  regards  the  breadth  of  the  canal,  and  with 
respect  to  the  effect  of  the  depth  he  observes  that  the  height  of  the  wave 
increases  as  the  depth  of  the  fluid  decreases,  but  that  the  variation  of  the 
height  of  the  wave  is  very  slow  compared  with  the  variation  of  the  depth  of 
the  canal. 

In  another  paper  read  before  the  Cambridge  Philosophical  Society  in 

*  M^moirei  des  Savaiu  Etrangert,  tom.  iii.  p.  23. 

t  Turin  •"       •     "     1835,  p.  253. 

i  Trs'  mbridge  Philotophical  Society,  vol.  ti.  p.  467. 
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February  1839*,  Mr.  Green  has  given  the  theory  of  the  motion  of  long  warea 
m  a  triaognlar  canal  with  one  ride  verticat  Mr.  Green  found  the  velocity  of 
propagatioD  to  be  the  aanie  as  that  in  a  rectangular  canal  of  half  the  depth. 
In  a  memoir  read  before  the  Royal  Society  of  Edinburgh  in  April  1839t, 
Phxf.  Kelfamd  has  considered  the  case  of  a  uniform  canal  whose  section  is  of 
aoy  form.    He   finds  that  the  velocity  of  propagation  is  given  by  the  very 

sifflple  formula  ^ /?Jl,  where  A  is  the  area  of  a  section  of  the  canal,  and 

b  the  breadth  of  the  fluid  at  the  surfaco.  This  formula  agrees  with  the  cx- 
perimeDts  of  Mr.  Russell,  and  includes  as  a  particular  case  the  formula  of 
Mr.  Green  for  a  triangular  canal. 

Mr.  Airy,  the  Astronomer  Royal,  in  bis  excellent  treatise  on  Tides  and 
Waves,  has  considered  the  case  of  a  variable  canal  with  more  generality  than 
Mr.  Grceo,  inasmuch  as  he  has  supposed  the  section  to  be  of  any  form  }.  If 
A,  b  denote  the  same  things  as  in  the  last  paragraph,  only  that  now  they  are 
supposed  to  vary  slowly  in  passing  along  the  canal,  the  coefficient  of  horizontal 

displacement  CX  A"'  b*,  and  that  of  the  vertical  displacement  OC  A~^  b^\ 
while  the  velocity  of  propagation  at  any  point  of  the  canal  is  that  given  by 
the  formula  of  the  preceding  paragraph.  Mr.  Airy  has  proved  the  latter 
formula  §  in  a  more  simple  manner  than  Prof.  Kelland,  and  has  pointed  out 
the  restrictions  under  which  it  is  true.  Other  results  of  Mr.  Airy  s  will  be 
more  conveniently  considered  in  connection  with  the  tides. 

Theory  of  OKUlatory  Waves. — When  the  surface  of  water  is  covered  with 
an  irregular  series  of  waves  of  different  sizes,  the  longer  waves  will  be  oon« 
tiooally  overtaking  the  shorter,  and  the  motion  will  be  very  complicated,  and 
viil  offer  no  regular  laws.  In  order  to  obtain  such  laws  we  must  take  a 
limpler  case :  we  may  for  instance  propose  to  ourselves  to  investigate  the 
DM>tion  of  a  series  of  waves  which  are  propagated  with  a  constant  velocity, 
and  without  change  of  form,  in  a  fluid  of  uniform  depth,  the  motion  being  in 
two  dimensions  and  periodical.  A  series  of  waves  of  this  sort  may  be  taken 
as  the  type  of  oscillatory  waves  in  general,  or  at  least  of  those  for  which  the 
motion  u  in  two  dimensions :  to  whatever  extent  a  series  of  waves  propagated 
in  fluid  of  a  uniform  depth  deviates  from  this  standard  form,  to  the  some  ex- 
tent they  fail  in  the  characters  of  uniform  propagation  and  invariable  form. 

The  theory  of  these  waves  has  long  been  known.  In  fact  each  element  of 
the  iotegrals  by  which  MM.  Poisson  and  Cauchy  expressed  the  disturbance 
of  the  fluid  denotes  what  is  called  by  Mr.  Airy  a  standing  oscillation^  and  a 
progressive  oscillation  of  the  kind  under  consideration  will  res^ult  from  the 
superposition  of  two  of  these  standing  oscillations  properly  combined.  Or, 
if  we  merely  replace  products  of  sines  and  cosines  under  the  integral  signs 
by  sums  and  differences,  each  element  of  the  new  integrals  will  denote  a 
progressive  oscillation  of  the  standard  kind.  The  theory  of  these  waves  how- 
ever well  deserves  a  more  detailed  investigation.  The  most  important  formula 
connected  with  them  is  that  which  gives  the  relation  between  the  velocity  of 
propagation,  the  length  of  the  waves,  and  the  depth  of  the  fluid.  If  c  be  the 
Telocity  of  propagation,  X  the  length  of  the  waves,  measured  from  crest  to 

crest,  k  the  depth  of  the  fluid,  and  m  =  — ,  then 

mh       — mA 

«»=«i5r— =sr <^> 

*  Tmuactiont  of  the  Cambridge  Philosophies^  Society,  vol.  vii.  p.  87. 

t  Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  xiv.  pp.  524,  530. 

t  Bncydopsedia  Metropolitana,  article  *  Tides  and  Waves.'    Art.  260  of  the  treatise. 

§  Art.  218,  &c. 
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If  the  sarfaee  of  the  fluid  be  cat  by  a  vertical  plane  perpendicular  to  the 
ridges  of  the  waves,  the  section  of  the  surface  will  be  the  curve  of  sines* 
Each  particle  of  the  fluid  moves  round  and  round  in  an  ellipse,  whose  major 
axis  is  horizontal.  The  particle  is  in  its  highest  position  when  the  crest  of 
the  wave  is  passing  over  it,  and  b  then  moving  in  the  direction  of  propaga- 
tion of  the  wave ;  it  is  in  its  lowest  position  when  the  hollow  of  the  wave  is 
passing  over  it,  and  is  then  moving  in  a  direction  contrary  to  the  direction 
of  propagation.  At  the  bottom  of  the  fluid  the  ellipse  is  reduced  to  a  right 
lincy  along  which  the  particle  oscillates.  When  the  length  of  waves  is  very 
•mall  compared  with  the  depth  of  the  fluid,  the  motion  at  the  bottom  is  in- 
sensible} and  all  the  expressions  will  be  sensibly  the  same  as  if  the  depth  were 

Infinite.    On  this  supposition  the  expression  for  c  reduces  itself  to  ^f^L^. 

The  ellipses  in  which  the  particles  move  are  replaced  by  circles,  and  the 
motion  in  each  circle  is  uniform.  The  motion  decreases  with  extreme  rapid- 
ity as  the  point  considered  is  further  removed  from  the  surface;  in  fact, 
the  coefficients  of  the  horizontal  and  vertical  velocity  contain  as  a  factor  the 
exponential  S'"*y,  where  y  is  the  depth  of  the  particle  considered  below  the 
surface.  When  the  depth  of  the  fluid  is  finite,  the  Jaw  of  the  horizontal  and 
vertical  displacements  of  tho  particles  is  the  same  as  when  the  depth  is  infi- 
nite. When  the  length  of  the  waves  is  very  great  compared  with  the  depth 
of  the  fiuid,  the  horizontal  motion  of  difierent  particles  in  the  same  vertical 
line  is  sensibly  the  same.  The  expression  for  c  reduces  itself  to  t/gh%  the 
same  as  would  have  been  obtained  directiy  from  the  theory  of  long  waves. 
The  whole  theory  is  given  very  fully  in  the  treatise  of  Mr.  Airy*.  The 
nature  of  the  motion  of  the  individual  particles,  as  deduced  from  a  rigorous 
theory,  was  taken  notice  of,  I  believe  for  the  first  time,  by  Mr.  Green  f^  who 
has  considered  the  case  in  which  the  depth  b  infinite. 

The  oscillatory  waves  just  considered  are  those  which  are  propagated  uni- 
formly in  fluid  of  which  the  depth  b  everywhere  the  same.  When  thb  con- 
dition b  not  satbfied,  as  for  instance  when  the  waves  are  propagated  in  a 
eanal  whose  section  b  not  rectangular,  it  b  desirable  to  know  how  the  velo- 
city of  propagation  and  the  form  of  the  waves  are  modified  by  this  circum- 
stance. There  is  one  such  case  in  which  a  solution  has  been  obtained.  In 
a  paper  read  before  the  Royal  Society  of  Edinburgh  in  January  1841,  Prof. 
Kelland  has  arrived  at  a  solution  of  the  problem  in  the  case  of  a  triangular 
canal  whose  sides  are  inclined  at  an  angle  of  46^  to  the  vertical,  or  of  a  canal 
with  one  side  vertical  and  one  side  inclined  at  an  angle  of  45^$  in  which  the 
motion  will  of  course  be  the  same  as  in  one  half  of  the  complete  canal  t«  The 
velocity  of  propagation  is  given  by  the  formula  (B.),  which  applies  to  a  rectan- 
gular canal»  or  to  waves  propagated  without  lateral  limitation,  provided  we 

take  for  h  half  the  greatest  depth  in  the  triangular  canal,  and  for  A,  or  — ,  a 

quantity  less  than  the  length  of  the  waves  in  the  triangular  canal  in  the  ratio 
of  1  to  i/  2.  As  to  the  form  of  the  waves,  a  section  of  the  surface  made  by 
a  vertical  plane  parallel  to  the  edges  of  the  canal  is  the  curve  of  sines ;  a 
section  made  by  a  vertical  plane  perpendicular  to  the  former  is  the  common 
catenary,  with  its  vertex  in  the  plane  of  the  middle  of  the  canal  (supposed 
complete),  and  its  concavity  turned  upwards  or  downwards  according  as  the 
section  b  taken  where  the  fluid  is  elevated  or  where  it  is  depressed.    Thus 

*  Tides  and  Wavei,  art.  ISO,  ftc 

f  Transactiont  of  the  Cambridge  PbUotophical  Society,  toL  vii.  p.  95. 
X  Transactions  of  the  Royal  Society  of  Bdipburgh,  vol.  z v.  p.  121. 
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the  ridget  of  the  wavei  do  not  bend  forwardsy  but  are  situated  in  a  vertical 
plane«  and  they  rise  higher  towards  the  slanting  sides  of  the  canal  than  in 
the  middle.  I  shall  write  down  the  value  of  f ,  the  integral  of  (A.),  and  then 
any  one  who  is  familiar  with  the  subject  can  easily  verify  the  preceding  re- 
sults. In  the  following  expression  x  is  measured  along  the  bottom  line  of 
the  canal,  y  is  measured  horiiontally,  and  z  vertically  upwards:— 

f=A(s*y+s"-y)(s"+s— *)sini/'2a(«-c0..    •    •    •    (C) 

I  have  mentioned  these  results  under  the  head  of  oscillatory  waves,  be- 
cause it  is  to  that  class  only  that  the  investigation  strictly  applies.  The 
length  of  the  waves  Is  however  perfectly  arbitrary,  and  when  it  bears  a  large 
ratio  to  the  depth  of  the  fluid,  it  seems  evident  that  the  circumstances  of  the 
motion  of  anv  one  wave  cannot  be  m&terially  affected  by  the  waves  which 
precede  and  follow  it,  especially  as  regards  the  form  of  the  middle  portion,  or 
ridge,  of  the  wave.  Now  the  solitary  waves  of  Mr.  Russell  are  long. com- 
pared with  the  depth  of  the  fluid ;  thus  in  the  case  of  a  rectangular  canal  he 
states  that  the  length  of  the  wave  is  about  six  times  the  depth.  Accordingly 
Mr.  Russell  finds  that  the  form  of  the  ridge  agrees  well  with  the  results  of 
Prof.  Kelland. 

It  appears  from  Mr.  Russell's  experiments  that  there  is  a  certain  limit  to 
the  slope  of  the  sides  of  a  triangular  canal,  beyond  which  it  is  impossible  to 
propagate  a  wave  in  the  manner  just  considered.  Prof.  Kelland  has  arrived 
at  the  same  result  from  theory,  but  his  mathematical  calculation  does  not 
appear  to  be  quite  satisfactory.  Nevertheless  there  can  be  little  doubt  that 
such  a  limit  does  exist,  and  that  if  it  be  passed,  the  wave  will  be  either  con- 
Unually  breaking  at  the  sides  of  the  canal,  or  its  ridge  will  become  bow- 
shaped,  in  consequence  of  the  portion  of  the  wave  in  the  middle  of  the  canal 
being  propagated  more  rapidly  than  the  portions  which  lie  towards  the  sides. 
When  once  a  wave  has  become  sufi^ciently  curved  it  may  be  propagated 
without  further  change,  as  Mr.  Airy  has  shown*.  Thus  the  case  of  motion 
above  considered  is  in  nowise  opposed  to  the  circumstance  that  the  tide 
wave  assumes  a  curved  form  when  it  is  propagated  in  a  broad  channel  in 
which  the  water  is  deepest  towards  the  centre. 

It  is  worthy  of  remark,  that  if  in  equation  ^C.)  we  transfer  the  origin  to 
either  of  the  upper  edges  of  the  canal  (supposed  complete),  and  then  suppose 

h  to  become  infinite,  having  previously  written  A  s^^^  for  A,  the  result 
will  express  a  series  of  oscillatory  waves  propagated  in  deep  water  along  the 
edge  of  a  bank  having  a  slope  of  45°,  the  ridges  of  the  waves  being  perpen- 
dicular to  the  edge  of  the  fluid.  It  is  remarkable  that  the  disturbance  of  the 
fluid  decreases  with  extreme  rapidity  as  the  perpendicular  distance  from  the 
edge  increases,  and  not  merely  as  the  distance  from  the  surface  increases. 
Thus  the  disturbance  is  sensible  only  in  the  immediate  neighbourhood  of  the 
edge,  that  is  at  a  distance  from  it,  which  is  a  small  multiple  of  A.  The  for- 
mula may  be  accommodated  to  the  case  of  a  bank  having  any  inclination  by 
merely  altering  the  coefficients  of  y  and  z,  without  altering  the  sum  of  the 
squares  of  the  coefficients.  If  t  be  the  inclination  of  the  bank  to  the  verti- 
cal, it  wiQ  be  easily  found  that  the  velocity  of  propagation  is  equal  to 

(|^oost  1  •  When  i  vanishes  these  waves  pass  into  those  already  men- 
tioned as  the  standard  case  of  oscillatory  waves ;  and  when  t  becomes  nega- 
tive, or  the  bank  overhangs  the  fluid,  a  motion  of  this  sort  becomes  im- 
ponible. 

*  Tides  and  Wavea,  art  359. 
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I  havo  had  occasion  to  refer  to  what  Mr.  Airy  calls  a  standing  OKilbUhn 
or  standing  wave.     To  prevent  the  possibility  of  confusion,  it  may  be  well 
to  observe  that  Mr.  Airy  uses  the  term  in  a  totally  different  sense  from  Mr. 
Russell.     The  standing  wave  of  Mr.  Airy  is  the  oscillation  which  would  re- 
sult from  the  coexistence  of  two  series  of  progressive  waves,  which  are  equal 
in  every  respect,  but  are  propagated  in  opposite  directions.    With  respect  to 
the  standing  wave  of  Mr.  Russell,  it  cannot  be  supposed  that  the  elevations 
observed  in  mountain  streams  can  well  be  made  the  subject  of  mathematical 
calculation.     Nevertheless  in  so  far  as  the  motion  can  be  calculated,  by 
taking  a  simple  case,  the  theory  does  not  differ  from  that  of  waves  of  other 
classes.     For  if  we  only  suppose  a  velocity  equal  and  opposite  to  that  of  the 
stream  impressed  both  on  the  fluid  and  on* the  stone  at  the  bottom  which 
produce^  the  disturbance,  we  pass  to  the  case  of  a  forced  wave  produced  iu 
still  water  by  a  solid  dragged  through  it.     There  is  indeed  one  respect  in 
which  the  theory  of  these  standing  waves  offers  a  peculiarity,  which  is,  that 
the  velocity  of  a  current  is  different  at  different  depths.     But  the  theory  of 
such  motions  is  one  of  great  complexity  and  very  little  interest 
^    Thtory  of  Solitary  Waves, — It  has  been  already  remarked  that  the  length 
of  the  solitary  wave  of  Mr.  Russell  is  considerable  compared  with  the  depth 
of  the  fluid.    Consequently  we  might  expect  that  the  theory  of  long  waves 
would  explain  the  main  phaenomena  of  solitary  waves.     Accordingly  it  is 
found  by  experiment  that  the  velocity  of  propagation  of  a  solitary  wave  in  a 
rectangular  canal  is  that  given  by  the  formula  of  Lagrange,  the  height  of  the 
wave  being  very  small,  or  that  given  by  Prof.  Kelland's  formula  when  the 
canal  is  not  rectangular.    Moreover,  the  laws  of  the  motion  of  a  solitary 
wave,  deduced  by  Mr.  Green  from  the  theory  of  long  waves^  agree  with  the 
observations  of  Mr.  Russell.     Thus  Mr.  Green  found,  supposing  the  canal 
rectangular,  that  the  particles  in  a  vertical  plane  perpendicular  to  the  length 
of  the  canal  remain  in  a  vertical  plane ;  that  the  particles  begin  to  move 
when  the  wave  reaches  them,  remain  in  motion  while  the  wave  is  passing 
over  them,  and  are  finally  deposited  in  new  positions ;  that  they  move  in 
the  direction  of  propagation  of  the  wave,  or  in  the  contrary  direction,  ac- 
cording as  the  wave  consists  of  an  elevation  or  a  depression*.     But  when  we 
attempt  to  introduce  into  our  calculations  the  finite  length  of  the  wave,  the 
problem  becomes  one  of  great  difliculty.    Attempts  have  indeed  been  made 
to  solve  it  by  the  introduction  of  discontinuous  functions.     But  whenever 
such  functions  are  introduced,  there  are  certain  conditions  of  continuity  to 
be  satisfied  at  the  common  surface  of  two  portions  of  fluid  to  which  different 
analytical  expressions  apply;  and  should  these  conditions  be  violated,  the 
solution  will  be  as  much  in  fault  as  it  would  be  if  the  fluid  were  made  to 
penetrate  the  bottom  of  the  canal.     No  doubt,  the  theor}'  is  contained,  to  a 
first  approximation,  in  the  formulae  of  MM.  Poisson  and  Cauchy ;  but  as  it 
happens  the  obtaining  of  these  formulae  is  comparatively  easy,  their  discus- 
sion forms  the  principal  difliculty.    When  the  height  of  the  wave  is  not  very 
small,  so  that  it  is  necessary  to  proceed  to  a  second  approximation,  the  theory 
of  long  waves  no  longer  gives  a  velocity  of  propagation  agreeing  with  expe* 
riment.    It  follows,  in  fact,  from  the  investigations  of  Mr.  Airy,  that  the  velo- 
city of  propagation  of  a  long  wave  is,  to  a  second  approximation,  V^^(A+8A), 
where  h  is  the  depth  of  the  fluid  when  it  is  in  equilibrium,  and  A+A  the 
height  of  the  crest  of  the  wave  above  the  bottom  of  the  canal f. 

*  Transactions  of  the  Cambridge  Philosophical  Society,  vol.  vii.  p.  87. 

f  Tides  and  Wares,  art  208.  In  applying  this  formula  to  a  soUtary  wave,  it  it  necessary 
to  take  for  h  the  depth  of  the  undisturbed  portion  of  the  fluid.  In  the  treatise  of  Mr.  Airy 
the  formula  is  obtained  for  a  particular  law  of  disturbance,  but  the  same  formula  would  have 
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The  theory  of  the  two  great  solitary  waves  of  Mr.  Russell  forms  the  sub* 
ject  of  a  paper  read  by  Mr.  Eamshaw  before  the  Cambridge  Philosophical 
Society  in  December  last*.    Mr.  Russell  found  by  experiment  that  the  hori* 
zootal  motion  of  the  fluid  particles  was  sensibly  the  same  throughout  the 
whole  of  a  vertical  plane  perpendicular  to  the  length  of  the  canal.    He  attri- 
buted the  observed  degradation  of  the  wave,  and  consequent  diminution  of 
the  velocity  of  propagation,  entirely  to  the  imperfect  fluidity  of  the  fluid,  and 
its  adhesion  to  the  sides  and  bottom  of  the  canal.    Mr.  Earnshaw  accordingly 
investigates  the  motion  of  the  fluid  on  the  hypotheses, — ^first,  that  the  particles  , 
once  in  a  vertical  plane,  perpendicular  to  the  length  of  the  canal,  remain  in 
a  vertical  plane ;  secondly,  that  the  wave  is  propagated  with  a  constant  velo* 
city  and  without  change  of  form.    It  is  important  to  observe  that  these 
hypotheses  are  used  not  as  sl  foundation  for  caiculaiion,  but  as  a  means  of 
seiecUng  a  particular  kind  of  motion  for  consideration.     The  equations  of 
fluid  motion  admit  of  integration  in  this  case  in  finite  terms,  without  any 
approximation,  and  it  turns  out  that  the  motion  is  possible,  so  for  as  the  wave 
itself  is  concerned^  and  everything  is  determined  in  the  result  except  two 
constants,  which  remain  arbitrary.     However,  in  order  that  the  motion  in 
question  should  actually  take  place,  it  is  necessary  that  there  should  be  an 
instantaneous  generation  or  destruction  of  a  finite  velocity,  and  likewise  an 
abrupt  change  of  pressure,  at  the  junction  of  the  portion  of  fluid  which  con- 
stitutes the  wave  with  the  portions  before  and  behind  which  are  at  rest,  both 
which  are  evidently  impossible.    It  follows  of  course  that  one  at  least  of  the 
two  hypotheses  must  be  in  fault     Experiment  showing  that  the  first  hypo- 
thesis 18  very  nearly  true,  while  the  second  (from  whatever  cause)  is  sensibly 
erroneous,  the  conclusion  is  that  in  all  probability  the  degradation  of  the 
wave  is  not  to  be  attributed  wholly  to  friction,  but  that  it  is  an  essential  cha- 
racteristic of  the  motion.     Nevertheless  the.  formula  for  the  velocity  of  pro- 
pagation of  the  positive  wave,  at  which  Mr.  Earnshaw  has  arrived,  agrees  very 
wdl  with  the  experiments  of  Mr.  Russell ;  the  formula  for  the  negative  wave 
also  agrees,  but  not  closely.     These  two  formulae  can  be  derived  from  each 
other  only  by  introducing  imaginary  quantities. 

It  is  the  opinion  of  Mr.  Russell  that  the  solitary  wave  is  a  phsBuomenon 
sm  generis^  in  nowise  deriving  its  character  from  the  circumstances  of  the 
generation  of  the  wave.  His  experiments  seem  to  render  this  conclusion 
probable.  Should  it  be  correct,  the  analytical  character  of  the  solitary  wave 
remains  to  be  discovered.  A  complete  theory  of  this  wave  should  give,  not 
only  its  velocity  of  propagation,  but  also  the  law  of  its  degradation,  at  least 
of  that  part  of  the  degradation  which  is  independent  of  friction,  which  is 
probably  by  far  the  greater  part.  With  respect  to  the  importance  of  this 
peculiar  wave  however,  it  must  be  remarked  that  the  term  solitary  wavcy  as 
so  defined,  must  not  be  extended  to  the  tide  wave,  which  is  nothing  more  (as 
far  as  regards  the  laws  of  its  propagation)  than  a  very  long  wave,  of  which 
the  form  may  be  arbitrary.  It  is  hardly  necessary  to  remark  that  the  me- 
chanical theories  of  the  solitary  wave  and  of  the  aerial  sound  wave  are 
altogether  diflerent 

Theory (fBiver and  Ocean  Tides^ — The  treatiseof  Mr.  Airy  alreadyj^ferred 
to  is  50  extensive,  and  so  full  of  original  matter,  that  it  will  be  impossible 
within  the  limits  of  a  report  like  the  present  to  do  more  than  endeavour  to 

been  airiTed  at,  by  the  same  reasoning,  had  the  law  not  been  restricted.    This  formula  is 
given  as  expressing  the  velocity  of  propagation  of  the  phase  of  high  water,  which  it  is  trae  is 
not  tpAlt  the  same  as  the  velocity  of  propagation  of  the  crest  of  the  wave ;  but  the  two  velo- 
dties  are  the  same  to  the  second  order  of  approximation. 
*  TnuttSctioDt  of  the  Cambridge  Philoaophical  Society,  vol.  viii.  p.  926. 


10  BBPOBT— -1846* 

give  an  idea  of  the  nature  of  the  calculations  and  methods  of  explanation 
employed,  and  to  mention  some  of  the  principal  results. 

On  account  of  the  great  length  of  the  tide  wave,  the  horizontal  motion  of 
the  water  will  be  sensibly  the  same  from  top  to  bottom.  This  circumstance 
most  materially  simplifies  the  calculation.  The  partial  difierential  equation 
for  the  motion  of  long  waves,  when  the  motion  is  yery  small,  is  in  the  simplest 
case  the  same  as  that  which  occurs  in  the  theory  of  the  rectilinear  propaga- 
tion of  sound ;  and  in  Mr.  Airy*s  investigations  the  arbitrary  functions  which 
occur  in  its  integral  are  determined  by  the  conditions  to  be  satisfied  at  the 
ends  of  the  canal  in  which  the  waves  are  propagated,  in  a  manner  similar  to 
that  in  which  the  arbitrary  functions  are  determined  in  the  case  of  a  tube  in 
which  sound  is  propagated.  When  the  motion  is  not  very  small,  the  partial 
differential  equation  of  wave  motion  may  be  integrated  by  successive  ap- 
proximations, the  arbitrary  functions  being  determined  at  each  order  of  ap- 
proximation as  before. 

To  proceed  to  some  of  the  resulti*  The  simplest  conceivable  case  of  a 
tidal  river  is  that  in  which  the  river  is  regarded  as  a  uniform,  indefinite  canal, 
without  apy  current  The  height  of  the  water  at  the  mouth  of  the  canal  will 
be  expressed,  as  in  the  open  sea,  by  a  periodic  function  of  the  time,  of  the 
form  a  sin  (nt-^a).  The  result  of  a  first  approximation  of  course  is  that 
the  disturbance  at  the  mouth  of  the  canal  will  be  propagated  uniformly  up 
it,  with  the  velocity  due  to  half  the  depth  of  the  water.  But  on  proceeding  to 
a  second  approximation*,  Mr.  Airy  finds  that  the  form  of  the  wave  will  alter 
as  it  proceeds  up  the  river.  Its  front  will  become  shorter  and  steeper,  and 
its  rear  longer  and  more  gently  sloping.  When  the  wave  has  advanced  suf- 
ficiently far  up  the  river,  its  surface  will  become  horizontal  at^one  point  in 
the  rear,  and  further  on  the  wave  will  divide  into  two.  At  the  mouth  of  the 
river  the  greatest  velocities  of  the  ebb  and  flow  of  the  tide  are  equal,  and 
occur  at  low  and  high  water  respectively ;  the  time  during  which  the  water 
is  rising  is  also  equal  to  the  time  during  which  it  is  falling.  But  at  a  station 
up  the  river  the  velocity  of  the  ebb-stream  is  greater  than  that  of  the  flow- 
stream,  and  the  r\»e  of  the  water  occupies  less  time  than  its  falL  If  the  sta- 
tion considered  is  suflUciently  distant  from  the  mouth  of  the  river,  and  the 
tide  sufilciently  large,  the  water  after  it  has  fallen  some  way  will  begin  to 
rise  again :  there  will  in  fact  be  a  double  rise  and  fall  of  the  water  at  each 
tide.  This  explains  the  double  tides  observed  in  some  tidal  rivers*  The 
velocity  with  which  the  phase  of  high  water  travels  up  the  river  is  found  to 

be  ^ gk(l'^Sb),  k  being  the  depth  of  the  water  when  in  equilibrium,  and 
kk  the  greatest  elevation  of  the  water  at  the  mouth  of  the  river  above  its 
mean  leyeL  The  same  formula  will  apply  to  the  case  of  low  water  if  we 
change  the  sign  of  b*  This  result  is  very  important,  since  it  shows  that  the 
interval  between  the  {ime  of  the  moon's  passage  over  the  meridian  of  the 
river  station  and  the  time  of  high  water  will  be  affected  by  the  height  of  the 
tide.  Mr.  Airy  also  inyestigates  the  effect  of  the  current  in  a  tidal  river.  He 
finds  that  the  difference  between  the  times  of  the  water's  rising  and  falling 
is  increased  by  the  current 

When  the  canal  is  stopped  by  a  barrier  the  circumstances  are  altered. 
When  the  motion  is  supposed  small,  and  the  disturbing  force  of  the  sun  and 
moon  is  neglected,  it  is  found  in  this  case  that  the  tide-wave  is  a  stationary 
wavet,  so  that  there  is  high  or  low  water  at  the  same  instant  at  every  poini 
of  the  canal ;  but  if  the  length  of  the  canal  exceeds  a  certain  quantity,  it  h 
high  water  in  certain  parts  of  the  canal  at  the  instant  when  it  is  low  watei 

«  Art  198,  &C  t  Alt  307.    . 
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in  the  ranainder,  and  vice  vend.  The  height  of  high  water  is  different  in 
different  parts  of  the  canal:  it  increases  from  the  mouth  of  the  canal  to  its 
eztremity»  provided  the  canal's  length  does  not  exceed  a  certain  quantity.  If 
foar  times  the  length  of  the  canal  be  anj  odd  multiple  of  the  length  of  a 
free  wave  whose  period  is  equal  to  that  of  the  tide,  the  denominator  of  the 
expression  for  the  tidal  elevation  vanishes.  Of  course  friction  would  pre- 
vent the  elevation  from  increasing  beyond  a  certain  amount,  but  still  the  tidal 
oscillation  would  in  such  cases  be  very  large. 

When  the  channel  up  which  the  tide  is  propagated  decreases  In  breadth 
or  depth,  or  in  both,  the  height  of  the  tide  increases  in  ascending  the  channel. 
This  accounts  for  the  great  height  of  the  tides  observed  at  the  head  of  the 
Bristol  Channel,  and  in  such  places.  In  some  of  these  cases  however  the 
great  height  may  be  partly  due  to  the  cause  mentioned  at  the  end  of  the  last 
paragraph. 

When  the  tide-wave  is  propagated  up  a  broad  channel,  which  becomes 
shallow  towards  the  sides,  the  motion  of  the  water  in  the  centre  will  be  of 
the  flame  nature  as  the  motion  in  a  free  canal,  so  that  the  water  will  be  flow* 
ing  op  the  channel  with  its  greatest  velocity  at  the  time  of  high  water* 
Towards  the  coasts  however  there  will  be  a  considerable  flow  of  water  to 
and  from  the  shore ;  and  as  far  as  regards  this  motion,  the  shore  will  have 
nearly  the  same  effect  as  a  barrier  in  a  canal,  and  the  oscillation  will  be  of 
the  nature  of  a  stationair  wave,  so  that  the  water  will  be  at  rest  when  it  is 
at  its  greatest  height.  If,  now,  we  consider  a  point  at  some  distance  from 
the  shore,  but  still  not  near  the  middle  of  the  channel,  the  velocity  of  the 
water  up  and  down  the  channel  will  be  connected  with  its  height  in  the  same 
way  as  in  the  case  of  a  progressive  wave,  while  the  velocity  to  and  from  the 
shore  will  be  connected  with  the  height  of  the  water  in  the  same  way  as  in  a 
stationary  wave*  Combining  these  considerations,  Mr.  Airy  is  enabled  to 
expkiD  the  apparent  rotation  of  the  water  in  such  localities,  which  arises 
from  an  actual  rotation  in  the  direction  of  its  motion*. 

When  the  motion  of  the  water  is  in  two  dimensions  the  mathematical  cal- 
culation of  the  tidal  oscillations  is  tolerably  simple,  at  least  when  the  depth 
of  the  water  is  uniform.  But  in  the  case  of  nature  the  motion  is  in  three 
dimensions,  for  the  water  is  distributed  over  the  surface  of  the  earth  in  broad 
sheets,  the  boundaries  of  which  are  altogether  irregular.  On  this  account  a 
complete  theory  of  the  tides  appears  hopeless,  even  in  the  case  in  which  the 
depth  is  supposed  uniform.  Laplace's  theory,  in  which  the  whole  earth  is 
supposed  to  be  covered  with  water,  the  depth  of  which  follows  a  very  pecu- 
liar law,  gives  us  no  idea  of  the  effect  of  the  limitation  of  the  ocean  by  conti- 
nents. Mr.  Airy  eonsequentiy  investigates  the  motion  of  the  water  on  the 
supposition  of  its  being  confined  to  narrow  canals  of  uniform  depth,  which 
in  the  calculation  are  supposed  circuUr.  The  case  in  which  the  canal  forms 
a  great  circle  is  especially  considered.  This  method  enables  us  in  some  d^ 
gree  to  estimate  the  effect  of  the  boundaries  of  the  sea ;  and  it  has  the  great 
advantage  of  leading  to  calculations  which  can  be  worked  out.  There  can 
be  no  doubt,  too,  that  the  conclusions  arrived  at  will  apply,  as  to  their  general 
naifife^  to  the  actual  case  of  the  earth. 

With  a  view  to  this  application  of  the  theory,  Mr.  Airy  calculates  the 
motion  of  the  water  in  a  canal  when  it  is  under  the  action  of  a  disturbing 
force,  which  is  a  periodic  function  of  the  time.  The  disturbing  force  at  a 
point  whose  abscissa,  measured  along  the  canal  from  a  iixed  point,  is  Xy  is 
supposed  to  be  expressed  by  a  function  of  the  form  A  sin  (n^— »i«-fa). 
This  supposition  is  sufficiently  general  for  the  case  of  the  tides,  provided  the 

*  Art  860,  frc. 
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canal  on  the  earth  be  supposed  circular.  In  all  cases  the  disturbing  force 
will  give  rise  to  an  oscillation  in  the  water  having  the  same  period  as  the  force 
itself.  This  oscillation  is  called  by  Mr.  AiTY^.eiJforoed  wave.  It  will  be  suf- 
ficient here  to  mention  some  of  the  results  of  this  theory  as  applied  to  the 
case  of  the  earth. 

In  all  cases  the  expression  for  the  tidal  elevation  contains  as  a  denominator 
the  difference  of  the  squares  of  two  velocities,  one  the  velocity  of  propagation 
of  a  free  wave  along  the  canal,  the  other  the  velocity  with  which  a  particular 
phase  of  the  disturbing  force  travels  along  the  canal,  or,  which  is  the  same, 
the  velocity  of  propagation  of  the  forced  wave.  Hence  the  height  of  the 
tides  will  not  depend  simply  on  the  magnitude  of  the  disturbing  force,  but 
also  on  its  period.  Thus  the  mass  of  the  moon  cannot  be  inferred  directly 
from  the  comparison  of  spring  and  neap  tides,  since  the  heights  of  the  solar 
and  lunar  tides  are  affected  by  the  different  motions  of  the  sun  and  moon  in 
right  ascension,  and  consequently  in  hour-angle.  When  the  canal  under 
consideration  is  equatorial  the  diurnal  tide  vanishes.  The  height  of  high  water 
is  the  same  at  all  points  of  the  canal,  and  there  is  either  high  or  low  water  at 
the  point  of  the  canal  nearest  to  the  attracting  body,  according  as  the  depth 
of  tlie  water  is  greater  or  less  than  that  for  which  a  free  wave  would  be  pro- 
pagated with  the  same  velocity  as  the  forced  wave.  In  the  general  case  there 
is  both  a  diurnal  and  a  semidiurnal  tide,  and  the  height  of  high  water,  as  well 
as  the  interval  between  the  transit  of  the  attracting  body  over  the  meridian 
of  the  place  considered  and  the  time  of  high  water,  is  different  at  different 
points  of  the  canal.  When  the  canal  is  a  great  circle  passing  through  the 
poles,  the  tide-wave  is  a  stationary  wave.  When  the  coefficient  of  the  dis- 
turbing force  is  supposed  to  vary  slowly,  in  consequence  of  the  change  in 
declination,  &c.  of  the  disturbing  body,  it  is  found  that  the  greatest  tide  oc- 
curs on  the  day  on  which  the  disturbing  force  is  the  greatest. 

The  preceding  results  have  been  obtained  on  the  supposition  of  the  absence 
of  all  friction ;  bat  Mr.  Airy  also  takes  friction  into  consideration.  He  sup- 
poses it  to  be  represented  by  a  horizontal  force,  acting  uniformly  from  top  to 
bottom  of  the  water,  and  varying  as  the  first  power  of  the  horizontal  velocity. 
Of  course  this  supposition  is  not  exact:  still  there  can  be  no  doubt  that 
it  represents  generally  the  effect  of  friction.  When  friction  is  taken  into 
account,  the  denominator  of  the  expressions  for  the  tidal  elevation  is  essen- 
tially positive,  so  that  the  motion  can  never  become  infinite.  In  the  case  of 
a  uniform  tidal  river  stopped  by  a  barrier,  the  high  water  is  no  longer  simul- 
taneous at  all  points,  but  the  phase  of  high  water  always  travels  up  the  river. 
But  of  all  the  results  obtained  by  considering  friction,  the  most  important 
appears  to  be,  that  when  the  slow  variation  of  the  disturbing  force  is  taken 
into  account,  the  greatest  tide,  instead  of  happening  on  the  day  when  the 
disturbing  force  is  greatest,  will  happen  later  by  a  certain  time,  p^•  More- 
over, in  calculating  the  tides,  we  must  use,  not  the  relative  positions  of  the  sun 
and  moon  for  the  instant  for  which  the  tide  is  calculated,  but  their  relative 
positions  for  a  time  earlier  by  the  same  interval  p,  as  in  the  preceding  case. 
The  expression  for  p^  depends  both  on  the  depth  of  the  canal  and  on  the 
period  of  the  tide,  and  therefore  its  value  for  the  diurnal  tide  cannot  be 
inferred  from  its  value  for  the  semidiurnal.  It  appears  also  that  the  phase  of 
the  tide  is  accelerated  by  friction. 

The  mechanical  theory  of  the  tides  of  course  belongs  to  hydrodynanucs ; 
but  I  do  not  conceive  that  the  consideration  of  the  reduction  and  discussjon 
of  tidal  observations  falls  within  the  province  of  this  report* 

Before  leaving  the  investigations  of  Mr.  Airy,  I  would  call  attention  to  a 
method  which  he  sometimes  employs  very  happily  in  giving  a  general  expla* 


ON  RBCBNT  RB8£ARCHB8  IN  HYDRODYNAMICS.  IS 

nation  of  phaenomena  depending  on  motions  which  are  too  complicated  to 
admit  of  accurate  calculation.  It  is  evident  that  any  arbitrary  motion  may 
be  assigned  to  a  fluid,  {with  certain  restrictions  as  to  the  absence  of  abrupt* 
nessy)  provided  we  suppose  certain  forces  to  act  so  as  to  produce  them.  The 
values  of  these  forces  are  given  by  the  equations  of  motion.  In  some  cases 
the  forces  thus  obtained  will  closely  resemble  some  known  forces ;  while  in 
others  it  will  be  possible  to  form  a  clear  conception  of  the  kind  of  n^otion 
which  must  take  place  in  the  absence  of  such  forces.  For  example,  sup- 
posing that  there  is  propagated  a  series  of  oscillatory  waves  of  the  standard 
kind,  except  that  the  height  of  the  waves  increases  proportionably  to  their 
distance  from  a  fixed  line,  remaining  conntant  at  the  same  point  as  the  time 
varies,  Mr.  Airy  finds  for  the  force  requisite  to  maintain  such  a  motion  an 
expression  which  may  be  assimiUited  to  the  force  which  wind  exerts  on  water. 
This  affords  a  general  explanation  of  the  increase  in  the  height  of  the  waves 
io  passing  from  a  windward  to  a  lee  shore  *.  Again,  by  supposing  a  series 
of  waves,  as  near  the  standard  kind  as  circumstances  will  admit,  to  be  pro- 
pagated along  a  canal  whose  depth  decreases  slowly,  and  examining  the  force 
requisite  to  maintain  this  motion,  he  finds  that  a  force  must  be  applied  to 
bold  back  the  heads  of  the  waves.  In  the  absence,  then,  of  such  a  force  the 
beads  of  the  waves  will  have  a  tendency  to  shoot  forwards.  This  explains 
the  tendency  of  waves  to  break  over  a  sunken  shoal  or  along  a  sloping 
beach  t-  The  word  tendency  is  here  used,  because  when  a  wave  comes  at  all 
near  breaking,  but  little  reliance  can  be  placed  in  any  investigation  which 
depends  upon  the  supposition  of  the  motion  being  small.  To  take  one  more 
example  of  the  application  of  this  method,  by  supposing  a  wave  to  travel, 
unchanged  in  form,  along  a  canal,  with  a  velocity  different  from  that  of  a  free 
wave,  and  examining  the  force  requisite  to  maintain  such  a  motion,  Mr.  Airy 
is  enabled  to  give  a  general  explanation  of  some  very  curious  circumstances 
connected  with  the  motion  of  canal  boats  f,  which  have  been  observed  by 
Mr.  RuaselL 

III.  In  the  16th  volume  of  the  '  Journal  de  FEcole  Polytechniquef,  will  be 
found  a  memoir  by  MM.  Barr6  de  Saint- Venant  and  Wantzel,  containing  the 
results  of  some  experiments  on  the  discharge  of  air  through  small  orifices, 
produced  by  considerable  differences  of  pressure.  The  formula  for  the  ve- 
locity of  efllux  derived  from  the  theory  of  steady  motion,  and  the  supposition 
that  the  mean  pressure  at  the  orifice  is  equal  to  the  pressure  at  a  distance 
from  the  orifice  in  the  space  into  which  the  discharge  takes  place,  leads  to 
some  strange  results  of  such  a  nature  as  to  make  us  doubt  its  correctness.  If 
we  call  the  space  from  which  the  discharge  takes  place  the  firH  space,  and 
that  into  which  it  takes  place  the  second  space,  and  understand  by  the  term 
Ttdueed  vdocUy  the  velocity  of  efflux  diminished  in  the  ratio  of  the  density 
in  the  second  space  to  the  density  in  the  first,  so  that  the  reduced  velocity 
measures  the  rate  of  discharge,  provided  the  density  in  the  first  space  remain 
constant,  it  follows  from  the  common  formula  that  the  reduced  velocity  va- 
nishes when  the  density  in  the  second  space  vanishes,  so  that  a  gas  cannot  be 
discharged  into  a  vacuum.  Moreover,  if  the  density  of  the  first  space  is  given, 
the  reduced  velocity  is  a  maximum  when  the  density  in  the  second  space  is 
rather  more  than  half  that  in  the  first.  The  results  remain  the  same  if  we 
take  account  of  the  contraction  of  the  vein,  and  they  are  not  materially  al- 
tered if  we  take  into  account  the  cooling  of  the  air  by  its  rapid  dilatation. 
The  experiments  above  alluded  to  were  made  by  allowing  the  air  to  enter  an 
exhausted  receiver  through  a  small  orifice,  and  observing  simultaneously  the 

*  fixi.  265,  &c.  f  Art  238,  &c. 
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pressure  and  temperature  of  the  air  in  the  receiver,  and  the  time  elapsed  since 
the  opening  of  the  orifice.  It  was  found  that  when  the  exhaustion  was  com« 
plete  the  reduced  velocity  had  a  certain  value,  depending  on  the  orifice  em« 
ployed,  and  that  the  velocity  did  not  sensibly  change  till  the  pressure  of  the 
air  in  the  receiver  became  equal  to  about  f  ths  of  the  atmospheric  pressure. 
The  reduced  velocity  then  began  to  decrease,  and  finally  vanished  when  the 
pressure  of  the  air  in  the  receiver  became  equal  to  the  atmospheric  pressure. 

These  experiments  show  that  when  the  difference  of  pressure  in  the  first 
and  second  spaces  is  considerable,  we  can  by  no  means  suppose  that  the  mean 
pressure  at  the  orifice  is  equal  to  the  pressure  at  a  distance  in  the  second 
space,  nor  even  that  there  exists  a  contracted  vein,  at  which  we  may  suppose 
the  pressure  to  be  the  same  as  at  a  distance.  The  authors  have  given  an 
empirical  formula,  which  represents  very  nearly  the  reduced  velocity,  what« 
ever  be  the  pressure  of  the  air  in  the  space  into  which  the  discharge  takes  place. 

The  orifices  used  in  these  experiments  were  generally  about  one  millimetre 
in  diameter.  It  was  found  that  widening  the  mouth  of  the  orifice,  so  as  to 
make  it  funnel-shaped,  produced  a  much  greater  proportionate  increase  of 
Telocity  when  the  velocity  of  efflux  was  small  than  when  it  was  large.  The 
authors  have  since  repeated  their  experiments  with  air  coming  from  a  vessel  in 
which  the  pressure  was  four  atmospheres :  they  have  also  tried  the  efiect  of 
using  larger  orifices  of  four  or  five  millimetres  diameter.  The  general  results 
were  found  to  be  the  same  as  before^. 

IV.  In  the  6th  volume  of  the  Transactions  of  the  Cambridge  Philoao* 
phical  Society,  p.  403,  will  be  found  a  memoir  by  Mr.  Green  on  the  re- 
flection and  refraction  of  sound,  which  is  well-worthy  of  attention.  This 
problem  had  been  previously  considered  by  Poisson  in  an  elaborate  memoir  t* 
Poisson  treats  the  subject  with  extreme  generality,  and  his  analysis  is  con- 
sequently very  complicated.  Mr.  Green,  on  the  contrary,  restricts  himself 
to  the  case  of  plane  waves,  a  case  evidently  comprising  nearly  all  the  phsBno* 
mena  connected  with  this  subject  which  are  of  interest  in  a  physical  point  of 
view,  and  thus  is  enabled  to  obtain  his  results  by  a  very  simple  analysis.  In- 
deed Mr.  Green's  memoirs  are  very  remarkable,  both  for  the  elegance  and 
rigour  of  the  analysis,  and  for  the  ease  with  which  he  arrives  at  most  im* 
portant  results.  This  arises  in  a  great  measure  from  his  divesting  the  pro- 
blems he  considers  of  all  unnecessar}'  generality :  where  generality  is  really 
of  importance  he  does  not  shrink  from  it  In  the  present  instance  there  is 
one  important  respect  in  which  Mr.  Green's  investigation  is  more  general 
than  Poisson's,  which  is,  that  Mr.  Green  has  taken  the  case  of  any  two  fluids, 
whereas  Poisson  considered  the  case  of  two  elastic  fluids,  in  which  equal  con* 
densations  produce  equal  increments  of  pressure.  It  is  curious,  that  Poisson, 
forgetting  this  restriction,  applied  his  formulae  to  the  case  of  air  and  water. 
Of  course  his  numerical  result  is  altogether  erroneous.  Mr.  Green  easily 
arrives  at  the  ordinary  laws  of  reflection  and  refraction.  He  obtains  also  a 
very  simple  expression  for  the  intensity  of  the  reflected  sound.  If  A  is  the 
ratio  of  the  density  of  the  second  medium  to  that  of  the  first,  and  B  the  ratio 
of  the  cotangent  of  the  angle  of  refraction  to  the  cotangent  of  the  angle  of 
incidence,  then  the  intensity  of  the  reflected  sound  is  to  the  intensity  of  the 
incident  asA<— BtoA+B.  In  this  statement  the  intensity  is  supposed  to 
be  measured  by  the  first  power  of  the  maximum  displacement.  When  the 
velocity  of  propagation  in  the  first  medium  is  less  than  in  the  second,  and  the 
angle  of  incidence  exceeds  what  may  be  called  the  critical  angle,  Mr.  Green 
restricts  himself  to  the  case  of  vibrations  following  the  cyck&ial  law*    He 

*  Comptei  Rendoii  torn.  xvii.  p.  1 140. 
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finds  that  the  sound  suffers  total  internal  refleetion.  The  expression  for  the 
disturbance  in  the  second  medium  involves  an  exponential  with  a  negative 
index,  and  consequently  the  disturbance  becomes  quite  insensible  at  a  di^^ 
stance  from'  the  surface  equal  to  a  small  multiple  of  the  length  of  a  wave. 
The  phase  of  vibration  of  the  reflected  sound  is  also  accelerated  by  a  quan- 
tity depending  on  the  angle  of  incidence.  It  is  remarkable,  that  When  the 
fluids  considered  are  ordinary  elastic  fluidsi  or  rather  when  they  are  such 
that  equal  condensations  produce  equal  increments  of  pressure,  the  expres- 
sions  for  the  intensity  of  the  reflected  sound,  and  for  the  acceleration  of 
phase  when  the  angle  of  incidence  exceeds  the  critical  angle,  are  the  same 
as  those  given  by  Fresnel  for  light  polarized  in  a  plane  perpendicular  to  the 
plane  of  incidence. 

V*  Not  long  after  the  publication  of  Poissons memoir  on  the  simultaneous 
motions  of  a  pendulum  and  of  the  surrounding  air*,  a  paper  by  Mr.  Green 
was  read  before  the  Royal  Society  of  Edinburgh,  which  is  entitled  '  Re«< 
searches  on  the  Vibration  of  Pendulums  in  Fluid  Media  f.'  Mr.  Green  does 
not  appear  to  have  been  at  that  time  acquainted  with  Poisson's  memoir.  The 
problem  which  he  has  considered  is  one  of  the  same  class  as  that  treated  by 
Poiason.  Mr.  Green  has  supposed  the  fluid  to  be  incompressible,  a  suppo- 
aition,  however,  which  will  apply  without  sensible  error  to  air,  in  considering 
motions  of  this  sort.  Poisson  regarded  the  fluid  as  elastic,  but  in  the  end,  in 
suiapting  his  formula  to  use,  he  has  neglected  as  insensible  the  terms  by 
which  tibe  effect  of  an  elastic  differs  from  that  of  an  inelastic  fluid.  The 
problem  considered  by  Mr.  Green  is,  however,  in  one  respect  much  more 
general  than  that  solved  by  Poisson,  since  Mr.  Green  has  supposed  the  osciU 
lating  body  to  be  an  ellipsoid,  whereas  Poisson  considered  only  a  sphere. 
Mr.  Green  has  obtained  a  complete  solution  of  the  problem  in  the  case  in 
which  the  ellipsoid  has  a  motion  of  translation  only,  or  in  which  the  small 
motion  of  the  fluid  due  to  its  motion  of  rotation  b  neglected.  The  result  is 
that  the  resistance  of  the  fluid  will  be  allowed  for  if  we  suppose  the  nuiss  of 
the  ellipsoid  increased  by  a  mass  bearing  a  certain  ratio  to  that  of  the  fluid 
displaced.    In  the  general  case  this  ratio  depends  on  three  transcendental 

rmtities,  pven  by  definite  integrals.  If,  however,  the  ellipsoid  oscillates  in 
direction  of  one  of  its  principal  axes,  the  ratio  depends  on  one  only  of 
these  transcendents.  When  the  ellipsoid  passes  into  a  spheroid,  the  tran-* 
soendeuts  above-mentioned  can  be  expressed  by  means  of  circular  or  loga- 
rithmic functions.  When  the  spheroid  becomes  a  sphere,  Mr.  Green's  result 
agrees  with  Poisson's.  It  is  worthy  of  remark,  that  Mr.  Green's  formula  will 
enaUe  us  to  calculate  the  motion  of  an  ellipse  or  circle  oscillating  in  a  fluid, 
in  a  direction  perpendicular  to  its  plane,  since  a  material  ellipse  or  circle  may 
be  considered  as  a  limiting  form  of  an  ellipsoid.  In  this  case,  however,  the 
motion  would  probably  have  to  be  extremely  small,  in  order  that  the  formula 
should  apply  with  accuracy. 

In  a  paper '  On  the  Motion  of  a  small  Sphere  acted  on  by  the  Vibrations  of 
an  Elastic  Medium,'  read  before  the  Cambridge  Philosophical  Society  in  April 
1S41{,  Prof.Challis  has  considered  the  motion  of  a  ball  pendulum,  retaining 
in  his  solution  small  quantities  to  the  second  order.  The  principles  adopted 
by  Prof.  Challis  in  the  solution  of  this  problem  are  at  variance  with  those  of 
P<Hsson,  and  have  given  rise  to  a  controversy  between  him  and  Mr.  Airy, 
which  will  be  found  in  the  17th,  18th  and  19th  volumes  of  the  Philosophical 

*  Mfoioires  de  TAcadtole  des  Sciences,  torn.  zi.  p.  5S1. 
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Magazine  (New  Series).  In  the  paper  jast  referred  to,  Prof.  ChalHs  finds  that 
when  the  fluid  is  incompressible  there  is  no  dt^crement  in  the  arc  of  oscilla- 
tion, except  what  arises  from  friction  and  capillary  attraction.  In  the  case 
of  air  there  is  a  slight  theoretical  decrement ;  but  it  is  so  small  that  Prof. 
Challis  considers  the  observed  decrement  to  be  mainly  owing  to  friction. 
This  result  follows  also  from  Poisson's  solution.  Prof.  Challis  also  finds  that 
a  small  sphere  moving  with  a  uniform  velocity  experiences  no  resistance,  and 
that  when  the  velocity  is  partly  uniform  and  partly  variable,  the  resistance 
depends  on  the  variable  part  only.  The  problem,  however,  referred  to  in 
the  title  of  this  paper,  is  that  of  calculating  the  motion  of  a  small  sphere 
situated  in  an  elastic  fluid,  and  acted  on  by  no  forces  except  the  pressure  of 
the  fluid,  in  which  an  indefinite  series  of  plane  condensing  and  rarefying 
waves  is  supposed  to  be  propagated.  Thb  problem  is  solved  by  the  author  on 
principles  similar  to  those  which  he  has  adopted  in  the  problem  of  an  oscil- 
lating sphere.  The  views  of  Prof.  Challis  with  respect  to  this  problem,  which 
he  considers  a  very  important  one,  are  briefiy  stated  at  the  end  of  a  paper 
published  in  the  Philosophical  Magazine*. 

In  a  paper  <  On  some  Cases  of  Fluid  Motion,'  pubb'shed  in  the  Trans- 
actions of  the  Cambridge  Philosophical  Society  f,  I  have  considered  some 
modifications  of  the  problem  of  the  ball  pendulum,  adopting  in  the  main  the 
principles  of  Poisson,  of  the  correctness  of  which  I  feel  fully  satisfied,  but 
supposing  the  fiuid  incompressible  from  the  first*  In  this  paper  the  effect  of 
a  distant  rigid  plane  interrupting  the  fluid  in  which  the  sphere  is  oscillating  is 
given  to  the  lowest  order  of  approximation  with  which  the  effect  is  sensible. 
It  is  shown  also  that  when  the  ball  oscillates  in  a  concentric  spherical  enve- 
lope, the  effect  of  the  resistance  of  the  fluid  is  to  add  to  the  mass  of  the 

sphere  a  mass  equal  to  ,  "^    ^    ^,  where  a  is  the  radius  of  the  ball,  b  that 

of  the  envelope,  and  m  the  mass  of  the  fluid  displaced.  Poisson,  having 
reasoned  on  the  very  complicated  case  of  an  elastic  fluid,  had  come  to  the 
conclusion  that  the  envelope  would  have  no  effect 

One  other  instance  of  fiuid  motion  contained  in  thb  paper  will  here  be 
mentioned,  because  it  seems  to  afford  an  accurate  means  of  comparing  theory 
and  experiment  in  a  class  of  motions  in  which  they  have  not  hitherto  been 
compared,  so  far  as  I  am  aware.  When  a  box  of  the  form  of  a  rectangular 
parallelepiped,  filled  with  fluid  and  closed  on  all  sides,  is  made  to  perform  small 
oscillations,  it  appears  that  the  motion  of  the  box  will  be  the  same  as  if  the 
fluid  were  replaced  by  a  solid  having  the  same  mass,  centre  of  gravity,  and 
principal  axes  as  the  solidified  fluid,  but  different  principal  moments  of  in- 
ertia. These  moments  are  given  by  infinite  series,  which  converge  with 
extreme  rapidity,  so  that  the  numerical  calculation  is  very  easy.  The  oscil- 
lations most  convenient  to  employ  would  probably  be  either  oscillations  by 
torsion,  or  bifilar  oscillations. 

VI.  M.  Navier  was,  I  believe,  the  first  to  give  equations  for  the  motion  of 
fluids  without  supposing  the  pressure  ^ual  in  all  directions.  His  theory  is 
contained  in  a  memoir  read  before  the  French  Academy  in  1822^.  He  con- 
siders the  case  of  a  homogeneous  incompressible  fiuid.  He  supposes  such  a 
fluid  to  be  made  up  of  ultimate  molecules,  acting  on  each  other  by  forces 
which,  when  the  molecules  are  at  rest,  are  functions  simply  of  the  distance^ 
but  which,  when  the  molecules  recede  from,  or  approach  to  each  other,  are 
modified  by  thb  circumstance,  so  that  two  molecules  repel  each  other  leas 
strongly  when  they  are  receding,  and  more  strongly  when  they  are  approaching, 

*  Vol  XTiii.  New  Scriet,  p.  481.  f  VoL  yiii.  p.  105. 
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than  they  do  when  they  are  at  rest*.  The  alteration  of  afl^B|t||if  .<Fi:f?ir 
pulsion  is  supposed  to  be,  for  a  given  distance,  proportional  to  ^__ 
with  which  the  molecules  recede  from,  or  approach  to  each  other;  so  that 
the  mutual  repulsion  of  two  molecules  will  be  represented  hyfM  —  V  F  (r), 
where  r  is  the  distance  of  the  molecules,  V  the  velocity  with  which  they  recede 
from  each  other,  and/(r),  F  (r)  two  unknown  functions  of  r  depending  on 
the  molecular  force,  and  as  such  becoming  insensible  when  r  has  become 
sensible*  This  expression  does  not  suppose  the  molecules  to  be  necessarily 
receding  from  each  other,  nor  their  mutual  action  to  be  necessarily  repulsive, 
since  V  and  F  (r)  may  be  positive  or  negative.  It  is  not  absolutely  necessary 
that/(r)  and  F  (r)  should  always  have  the  same  sign.  In  forming  the  equa- 
tions of  motion  M.  Navier  adopts  the  hypothesis  of  a  synunelrical  arrangement 
of  the  particles,  or  at  least,  which  leads  to  the  same  result,  neglects  the  irre- 
gular peut  of  the  mutual  action  of  neighbouring  molecules.  The  equations 
at  which  he  arrives  are  those  which  would  be  obtained  from  the  common 

equations  by  wnUng  3^  -  A  ^j^  +  d^+d^J  ^^  P^*®®  ^^ dx  '°  *^® 

first,  and  making  similar  changes  in  the  second  and  third.    A  is  here  an 
unknown  constant  depending  on  the  nature  of  the  fluid. 

The  same  subject  has  been  treated  on  by  Poissonf,  who  has  adopted  hy- 
potheses which  are  very  different  from  those  of  M .  Navier.  Poisson's  theory 
is  of  this  nature.  He  supposes  the  time  ^  to  be  divided  into  it  equal  parts, 
each  equal  to  r.  In  the  first  of  these  he  supposes  the  fluid  to  be  displaced 
in  the  same  manner  as  an  elastic  solid,  so  that  the  pressures  in  different 
directions  are  given  by  the  equations  which  he  had  previously  obtained  for 
elastic  solids.  If  the  causes  producing  the  displacement  were  now  to  cease 
to  act,  the  molecules  would  very  rapidly  assume  a  new  arrangement,  which 
would  render  the  pressure  equal  in  all  directions,  and  while  this  re-arrange- 
ment  was  going  on,  the  pressure  would  alter  in  an  unknown  manner  from 
that  belonging  to  a  displaced  elastic  solid  to  the  pressure  belonging  to  the 
fluid  in  its  new  state.  The  causes  of  displacement  are  however  going  on 
daring  the  second  interval  r ;  but  since  these  different  small  motions  will 
take  place  independently,  the  new  displacement  which  will  take  place  in  the 
second  interval  r  will  be  the  same  as  if  the  molecules  were  not  undergoing  a 
re-arrangement  Supposing  now  n  to  become  infinite,  we  pass  to  the  case  in 
which  the  fluid  is  continually  beginning  to  be  displaced  like  an  elastic  solid, 
and  continually  re-arranging  itself  so  as  to  make  the  pressure  equal  in  all 
directions.  The  equations  at  which  Poisson  arrived  are,  in  the  cases  of  a 
homogeneous  incompressible  fluid,  and  of  an  elastic  fluid  in  which  the  change 
of  density  is  small,  those  which  would  be  derived  from  the  conunon  equations 

by  replacing  ^  in  the  flrst  by 
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and  making  similar  changes  in  the  second  and  third.  In  these  equations  A 
and  B  are  two  unknown  constants.  It  will  be  observed  that  Poisson's  equa- 
tions reduce  themselves  to  Naviers  in  the  case  of  an  incompressible  fluid. 

The  same  subject  has  been  considered  in  a  quite  different  point  of  view  by 
M.  Banr6  de  Saint- Yenant,  in  a  communication  to  the  French  Academy  in 

*  Tbit  ides  appears  to  have  been  borrowed  from  Dubuat.    See  his  Pnncipes  d*Hydrau* 
Uqve,  torn.  ii.  p.  SO. 
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184S,  an  abstract  of  which  is  contained  in  the  'Comptes  Rendus*.'    Th< 
principal  difficulty  is  to  connect  the  oblique  pressures  in  different  direction 

du  du 
about  the  same  point  with  the  differential  coefficients  -rrf  j-j  &C.9  whicl 

express  the  relative  motion  of  the  fluid  particles  in  the  immediate  neighbour 

hood  of  that  point     This  the  author  accomplishes  by  assuming  that  the  tan 

gential  force  on  any  plane  passing  through  the  point  in  question  is  in  th< 

direction  of  the  principal  sliding  (fflissement)  along  that  plane.    The  slidin| 

dw      du 
along  the  plane  xy  h  measured  ^7  ^  +  j^  ^  ^^  direction  of  oe,  am 

dto      dv 

•J-  +  ^  in  the  direction  of  y.    These  two  slidings  may  be  compounder 

into  one,  which  will  form  the  principal  sliding  along  the  plane  xy*  It  i 
then  shown,  by  means  of  M.  Cauchy's  theorems  connecting  the  pressures  ii 
different  directions  in  any  medium,  that  the  tangential  force  on  any  plan* 
passing  through  the  point  considered,  resolved  in  any  direction  in  that  plane 
is  proportional  to  the  sliding  along  that  plane  resolved  in  the  same  direction 
so  that  if  T  represents  the  tangential  force,  referred  to  a  unit  of  surface,  an( 
S  the  sliding,  T=sS.  The  pressure  on  a  plane  in  any  direction  is  thei 
found.  This  pressure  is  compounded  of  a  normal  pressure,  alike  in  all  di 
rections,  and  a  variable  oblique  pressure,  the  expression  for  which  contain 
the  one  unknown  quantity  t.  Ii  the  fluid  be  supposed  incompressible,  ant 
i  constant,  the  equations  which  would  be  obtained  by  the  method  of  M.Barri 
de  Saint- Venant  agree  with  those  of  M.  Navier.  It  will  be  observed  tha 
this  method  does  not  require  the  consideration  of  ultimate  molecules  at  all. 

When  the  motion  of  the  fluid  is  very  small,  Poisson's  equations  agree  wit] 
those  given  by  M.  Cauchy  for  the  motion  of  a  solid  entirely  destitute  of  elas 
ticityti  except  that  the  latter  do  not  contain  the  pressure/?.  These  equation 
have  been  obtained  by  M.  Cauchy  without  the  consideration  of  molecules 
His  method  would  apply,  with  very  little  change,  to  the  case  of  fluids. 

In  a  paper  read  last  year  before  the  Cambridge  Philosophical  Society^, 
have  arrived  at  the  equations  of  motion  in  a  different  manner.  The  metho 
employed  in  this  paper  does  not  necessarily  require  the  consideration  of  ulti 
mate  molecules.  Its  principal  feature  consists  in  eliminating  from  the  rela 
tive  motion  of  the  fluid  about  any  particular  point  the  relative  motion  whicl 
corresponds  to  a  certain  motion  of  rotation,  and  examining  the  nature  of  th 
relative  motion  which  remains.  The  equations  finally  adopted  in  the  case 
of  a  homogeneous  incompressible  fluid,  and  of  an  elastic  fluid  in  which  th 
change  of  density  is  small,  agree  with  those  of  Poisson,  provided  we  suppos 
in  the  latter  A  =  3  B.  It  is  shown  that  this  relation  between  A  and  B  ma 
be  obtained  on  Pois.son*s  own  principles. 

The  equations  hitherto  considered  are  those  which  must  be  satisfied  at  an 
point  in  the  interior  of  the  fluid  mass ;  but  there  is  hardly  any  instance  c 
the  practical  application  of  the  equations,  in  which  we  do  not  want  to  knoi 
also  the  particular  conditions  which  must  be  satisfied  at  the  surface  of  tii 
fluid.  With  respect  to  a  free  surface  there  can  be  little  doubt :  the  condi 
tion  is  simply  that  there  shall  be  no  tangential  force  on  a  plane  parallel  t 
the  surface,  taken  immediately  within  the  fluid.  As  to  the  ca!<e  of  a  fluid  i 
contact  with  a  solid,  the  condition  at  which  Navier  arrived  comes  to  this 
that  if  we  conceive  a  small  plane  drawn  within  the  fluid  parallel  to  the  sui 

*  Tom.  ivii.  p.  1240. 
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faoe  of  the  lolid,  the  tangential  force  cm  this  plane,  referred  to  a  unit  of 
sar&oe,  shall  be  in  the  tame  direction  with,  and  proportional  to  the  velocttj 
vith  which  the  flnid  flows  paat  the  surface  of  the  solid.  The  condition  ob* 
tained  by  Poiaaon  is  essentiailj  the  same. 

Dobnat  stated,  as  a  result  of  his  experiments,  that  when  the  velocity  of 
water  flowing  through  a  pipe  is  less  than  a  certain  quantity,  the  water  adja* 
eent  to  the  surface  of  the  pipe  is  at  rest*.    This  result  agrees  very  well  with 
ID  eiperiment  of  Coulomb's.     Coulomb  found  that  when  a  metallic  disc  was 
made  to  oscillate  very  slowly  in  water  about  an  axis  passing  through  ita 
eeatie  and  perpendicular  to  its  plane,  the  resistance  was  not  altered  when 
tbe  disc  was  smeared  with  grease ;  and  even  when  the  grease  was  covered 
vith  powdered  sandstone  the  resistance^was  hardly  increasedf  •    This  is  just 
wiiat  one  would  expect  on  the  supposition  that  the  water  close  to  the  disc  is 
carried  along  with  it,  since  in  that  case  the  resistance  must  depend  on  the 
iotemal  friction  of  the  fluid ;  but  the  result  appears  very  extraordinary  on 
the  supposition  that  the  fluid  in  contact  with  the  disc  flows  past  it  with  a 
finite  velocity*    It  should  be  observed,  however,  that  this  result  b  compatible 
with  the  supposition  that  a  thin  film  of  fluid  remains  adhering  to  the  disc,  in 
consequence  of  capillary  attraction,  and  becomes  as  it  were  solid,  and  that 
the  fluid  in  contact  with  this  film  flows  past  it  with  a  finite  velocity.    If  we 
consider  Dubuat's  supposition  to  be  correct,  the  condition  to  be  assumed  in 
tbe  case  of  a  fluid  in  contact  with  a  solid  is  that  the  fluid  does  not  move  re- 
latively to  the  solid.     This  condition  will  be  included  in  M.  Navier's,  if  we 
suppose  the  coefficient  of  the  velocity  when  M.  Navier's  condition  is  ex- 
pressed analytically,  which  he  denotes  by  £,  to  become  infinite.    It  seems 
probable  from  the  experiments  of  M.  Girard,  that  the  condition  to  be  satis- 
fied at  the  surface  of  fluid  in  contact  with  a  solid  is  difllerent  according  as  the 
finid  does  or  does  not  moisten  the  surface  of  the  solid. 

M.  Navier  has  applied  his  theory  to  the  results  of  some  experimento  of 
M.  Girard's  on  the  discharge  of  fluids  through  capillary  tubes.  His  theory 
shows  that  if  we  suppose  £  to  be  finite,  the  discharge  through  extremely 
small  tubes  will  depend  only  on  £,  and  not  on  A.  The  law  of  discharge  at 
which  he  arrives  agrees  with. the  experiments  of  M.  Girard,  at  least  when  the 
tubes  are  extremely  small.  M.  Navier  explained  the  difierence  observed  by 
M.  Girard  in  the  discharge  of  water  through  tubes  of  glaM  and  tubes  of 
copper  of  the  same  size  by  supposing  the  value  of  E  different  in  the  two 
cases.  This  difierence  was  explained  by  M.  Girard  himself  by  supposing  that 
a  thin  film  of  fluid  remains  adherent  to  the  pipe,  in  consequence  of  molecular 
action,  and  that  the  thickness  of  this  film  differs  with  the  substance  of  which 
the  tabe  is  composed,  as  well  as  with  the  liquid  employed  {•  If  we  adopt 
Narier^s  explanation,  we  may  reconcile  it  with  the  experiments  of  Coulomb 
by  supposing  that  £  is  very  large,  so  that  unless  the  fluid  is  confined  in  a 
very  narrow  pipe,  the  results  will  depend  mainly  on  A,  being  sensibly  the 
Bame  as  they  would  be  if  £  were  infinite. 

There  is  one  circumstance  connected  with  the  motion  of  a  ball-pendulum 
oiciliating  in  air,  which  has  not  yet  been  accounted  for,  the  explanation  of 
which  seems  to  depend  on  this  theory.  It  is  found  by  experiment  that  the 
correction  for  the  inertia  of  the  air  is  greater  for  small  than  for  large  spheres^ 
that  is  to  say,  the  mass  which  we  must  suppose  added  to  that  of  the  sphere 
bean  a  greater  ratio  to  the  mass  of  the  fluid  displaced  in  the  former,  than  in 
the  latter  case.    According  to  the  common  theory  of  fluid  motioni  in  which 

*  See  the  Table  given  in  torn.  i.  of  his  Principes  d'Hydraulique,  p.  93* 

t  Memoires  de  I'lnfttitot,  1801,  torn.  iii.  p.  286. 

X  M^mplres  de  T Acad^mie  des  Sciences,  tonit  i«  pp.  203  and  234. 
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everytbing  is  supposed  to  be  perfectly  smooth,  the  ratio  ought  to  be  inde- 
pendent of  the  magnitude  of  the  sphere.  In  the  imperfect  theory  of  friction 
m  which  the  friction  of  the  fluid  on  the  sphere  is  taken  into  account,  while 
the  equal  and  opposite  friction  of  the  sphere  on  the  fluid  is  neglected,  it  is 
shown  that  the  arc  of  oscillation  is  diminished,  while  the  time  of  oscillation 
is  sensibly  the  same  as  before.  But  when  the  tangential  action  of  the  sphere 
on  the  fluid,  and  the  internal  friction  of  the  fluid  itself  are  considered,  it  ts 
clear  that  one  consequence  will  be,  to  speak  in  a  general  way,  that  a  portion 
of  the  fluid  will  be  dragged  along  with  the  sphere.  Thus  the  correction  for 
the  inertia  of  the  fluid  will  be  increased,  since  the  same  moving  force  has  now 
to  overcome  the  inertia  of  the  fluid  dragged  along  with  the  sphere,  and  not 
only,  as  in  the  former  case,  the  inertia  of  the  sphere  itself,  and  of  the  fluid 
pushed  away  from  before  it,  and  drawn  in  behind  it.  Moreover  the  addi- 
tional correction  for  inertia  must  depend,  speaking  approximately,  on  the 
tufface  of  the  sphere,  whereas  the  first  correction  depended  on  its  volume, 
and  thus  the  effect  of  friction  in  altering  the  time  of  oscillation  will  be  more 
conspicuous  in  the  case  of  small,  than  in  the  case  of  large  spheres,  other  cir* 
cumstances  being  the  same.  The  correction  for  inertia,  when  friction  is 
taken  into  account,  will  not,  however,  depend  solely  on  the  magnitude  of  the 
sphere,  but  also  on  the  time  of  oscillation.  With  a  given  sphere  it  will  be 
greater  for  long,  than  for  short  oscillations. 


Sixth  Bejmrtqfa  Committee,  consisting  of  H.  E.  Strickland^  Esq., 
Prof.  Daubent^  Prof.  Henblow,  and  Prof.  Lindlet,  appointed 
to  continue  their  Experiments  on  the  Vitality  of  Seeds* 

These  experiments  have  again  been  repeated  upon  48  kinds  of  seeds  ga- 
thered in  1843,  as  well  as  upon  26  kinds  of  new  seeds  added  to  the  general 
collection  in  1845. 

Many  kinds  of  old  seeds,  of  various  dates  from  1812  to  1845  inclusive, 
consbting  of  151  packets,  have  been  contributed  by  Miss  Molesworth.  These 
were  for  the  most  part  in  small  quantities,  and  were  sown  only  at  Oxford,  on 
a  slight  hot-bed. 

A  small  quantity  of  soil  from  the  bed  of  a  freshwater  lake  of  the  tertiary 
period,  at  Mundesley,  Norfolk,  containing  scales  of  fish,  elytra  of  beetles, 
seeds  of  CeratophyUum  and  other  plants  from  Sir  W.  C.  Trevelyan,  was  sub- 
jected to  three  tests ;  viz.  one-third  part  was  placed  in  a  shallow  pan,  and 
kept  moist  with  distilled  water ;  the  second  portion  was  kept  well-saturatcnl 
with  the  same ;  and  the  third  portion,  also  in  a  shallow  pan,  under  about 
one  inch  of  distilled  water.  The  whole  was  kept  under  a  glass  case  to  pre- 
vent the  chance  of  seeds,  &c  being  deposited  in  it.  No  vegetation  appeared 
in  either  case. 

It  may  be  well  to  remark,  that  the  seeds  have  been  sown  under  different 
circumstances,  and  have  received  different  treatment  at  each  of  the  three 
places  they  have  been  experimented  upon.  At  Oxford,  as  in  previous  years, 
A  selection  was  made  from  the  whole  quantity  to  be  sown,  of  such  as  usually 
require  the  assistance  of  heat  to  enable  them  to  germinate ;  these  were  sown 
in  pots  and  placed  in  slight  heat,*  and  the  remainder  were  sown  on  a  small 
bed  made  in  a  cold  frame,  and,  with  the  exception  of  two  or  three  waterings, 
left  to  nature. 

At  Ititcham  they  were  all  sown  in  a  border  carefully  prepared  for  them, 
and  aftenfards  left  to  nature. 
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At  Chitwick  the  whole  of  the  seeds  were  sown  in  separate  pots  and  placed 
in  a  pit  heated  with  hot  water. 

These  several  treatments  will  at  once  account  for  the  great  difference  there 
has  been  in  many  cases  between  the  length  of  time  the  seeds  required  to 
▼egetate,  as  well  as  the  greater  number  of  seeds  which  did  vegetate  at  one 
place  more  than  at  the  other,  which  will  be  seen  on  referring  to  the  following 
statement  of  the  results. 


Vuatt  and  Ditt  nrken  githardd. 

No. 
■own. 

No.of8eedftor«H!li 

SpadM  wlildk  Tcgft- 

tatadat 

Thaeoffiiftiitrtiiig 
indajiak 

Baaaikf. 

Ox- 

fbid. 

Chift. 
wide 

Ox- 

fotd. 

irt«r||^n|, 

Chu. 
wick. 

1843. 
1.  Asohodelui  IntciiB 

50 
100 
100 
900 
900 
100 
150 
100 
100 
900 
900 
100 
100 
900 
100 

6 
9 

9 

1 

94 

54 

47 

134 

119 

73 

194 

69 

43 

141 

161 

76 

43 

149 

55 

98 
18 

33 

19 
18 
90 
90 
90 
18 
90 
95 
90 
16 
95 
16 
90 
90 
95 

Bad  in  1844. 

9.  ArctiaiD  Tj^T>m  i-T.TT..rtTTfr«T 

8.  Angelica  Archangelica  

4.  Agentmn  mexicanam  

5.  Aster  tenella 

1 

8 

90 

19 
13 
18 

'"so" 

5 

7-  Bidenf  divenifoliarrr......... 

69 
11 

9 

84 
8 

"4" 
18 

38 

7 

91 

. ..«  a. ■•• 

9t  Bc>rkhaiiiia  nibn  ............ 

10.  Bartonia  aurea  

11.  Calliatemma  hortentia  

19.  Cvmniniila  Mediqm  ...t..t.* 

31 
5 

96 
5 

3 

1 

18 

17 

7 

30 

27 

98 

18.  Centaurea  deprena   .••.•.... 

14.  Qadanthiti  arabicus 

15.  Cleome  SDinosa 

1 

16.  Cnicm  arvensis 

17-  CoqtoIvqIqv  Piaior.. .«•«...... 

50 
100 
100 
900 

50 
900 
900 
100 
900 
100 
150 
100 
900 
900 

too 

150 
900 
100 
100 

95 
150 
100 
150 

50 
100 
90O 
900 
100 
100 
150 
900 
150 

6 
94 
49 
67 

'is 

45 
96 
16 

9 
30 
19 
19 

1 

4 

33 

57 

67 

177 

45 

130 

117 

79 

149 

66 

94 

89 

199 

119 

74 

119 

189 

61 

49 

17 

116 

70 

107 

37 

44 

148 

176 

94 

17 

81 

64 

37 

11 
7 
6 
6 

39 
18 
13 
18 

19 
16 
95 
18 
95 
90 
95 
16 
90 
95 
90 
16 
80 
90 
95 
80 
30 
95 
30 
34 
30 
95 
35 
95 
35 
95 
35 
35 
35 
35 
30 
90 

18.  Dianthotbarbatiia.. ••...••... 

19.  Bchiam  ffrandiflorain. 

90.  Eucfaarimum  concinnum  ... 

91.  Bophorbia  LathTris   

99.  GvnftAnhila  ftlefirailfl     ....tt... 

11 
5 
6 
6 

98.  Helenium  Dowrlaaii  

19 
15 

34.  Hebenttrettia  teniufolia. 

95.  Hdiopfaila  arabmdes 

99.  KoBiKa  maritiina  • .••... 

96 

35 

9 

37 

6 
6 

7 

5 

98 

16 

16 
19 

99 

30.  Leptotiphon  aadronoea 

31.  Lonaria  biennii 

3 

99^  iKMsa  latfnritia 

88.  Mathiola  anniia 

53 
46 
99 

3 
14 

7 
55 
46 

5 

69 
19 
19 

I 
49 

1 
1 

9 
4 
37 
36 
16 
45 
17 
6 
30 

5 

10 
39 

1*6 ' 

99 

6 

56 

34.  Melilotus  caeniiea  • 

85.  (Enanthe  Crocata 

88.  Polemonium  cnmlenm 

89.  Ramra  obtnnfolitiin  r........ 

1 

51 

40.  Sfleneinflaia  

5 
17 
98 

16 
34 
14 

41.  Smyrniam  OluBatrum 

49.  ScluzaiithitiDiiiBatiiB......... 

44.  Ticridsa  Pavonia....... 

'■'86  * 

46.  IHola  lutea  van 

15 

3 

47.  Xenmthemain  annuum 
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Nh&0  nd  Drto  when  gtthsreda 


1M5. 

49.  AilAnthus  glandalma 

50.  Alniu  glatinosa 

51.  Alonsoa  incisa    , 

5S.  BeUTulgarii , 

53.  Browallia  data 

54.  ChiTtBiitheiiiiim  coronarium 

55.  Cytisfu  albus 

56.  Eccremocarpos  scaber  ..... 

57.  Fagus  sylvatica  

58.  Fumaria  ipicata ». 

59.  Gaillardia  arisuto 

60.  Gleditschia  triacanthos  .... 

61.  Iris,  sp 

62.  Knautia  orientalis 

63.  Lopesia  racemota , 

64.  Lymnanthes  Douglaiil  .... 

65.  Petunia  odorata 

66.  Schizopetalon  Walkeri  .... 

67.  Secale  cereale 

68.  Spartium  Scoparium 

69.  Tagetes  ladda    , 

70.  Verbena  Aobletia  , 

71.  Viscaria  ocolata , 

78.  Xeranthemum  annuum ..... 

73.  Zea  Mays 

74.  Zinnia  grandiflora , 


No. 


50 

150 

100 

75 

50 

150 

100 

100 

100 

100 

100 

20 

25 

50 

150 

50 

150 

50 

200 

200 

150 

100 

150 

100 

100 

100 


No.  of  Seeds  of  Mch 
Spedes  which 
tatedat 


Os. 

fold. 


20 


73 
7 

53 
20 


4 
17 


6 
26 
14 
10 
26 
160 

5 


98 


Hitcfaam. 


1 
10 


15 
2 


4 

64 
35 


24 
102* 


1 
2 


9 


Ghii* 

wick. 


TlmeofTegeCadof 
in  days  »t 


Ox. 

fold. 


HitRham. 


36 
111 
47 
63 
39 
104 
63 
41 
76 
80 
87 


14 

29 

122 

42 

131 

46 

194 

117 

139 

49 

128 

77 

91 

86 


32 


6 
40 


10 


110 
16 


12 
6 
6 


5 
5 


30 

•J 


51 


14 


12 
25 


18 
14 
13 


11 
11 


10 


Chto* 
wkk. 


25 

40 
30 
35 
30 
20 
40 
30 
40 
20 
35 

35 
30 
30 
18 
25 
18 
25 
40 
20 
25 
20 
25 
35 
25 


From  Miss  Molesworth  :*- 


N 


•ad  Date. 


1812. 

1.  Ridniis  oommunis 

1824. 

2.  Catanancbe  ccrulea  ••• 

3.  Cucurbita  Citrolliu   ... 

1825. 

4.  Swisa  Melon  

1827. 

5.  Bnssica,  white  CaoU- 

ilower , 

6.  — ,  BrocoU  di  Canuvale 

7.  — ,  —  Primotice   

8.  — ,  Cavoli  Fegoti  

9.  Cucurbita  Citmllus   ... 

10.  Melon 

11.  Green  Melon 

12.  Water  Melon 

13.  Hypericum  

14.  Spinacea  Oleracea 


6 


12 

100 
15 


100 

100 

100 

100 

10 

30 

50 

30 

150 

50 


0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


NaoA  and  Date. 


15. 
16. 
17. 

18. 

19. 
20. 

21. 

23. 

24. 
25. 
26. 
i7. 


1828. 

Atterlactea 

Galium  lucidom 

Helianthemum  crooenm 

1829. 
Cucurbita,  Cucuzia  di 

Spagna 

— ,  Cucuzza  Tiascheta 
Dorycnium    monipeli- 

ense.... 

Hypericum  fimbriatum 

Milium   

Rumex  alpinus  

1831. 
Cytistts  leucanthus. .... 

Genista  candicans 

Sorghum  Tttlgare  

Zea  Mays   • 


I 


100 

8 

100 


77 
54 

100 

100 

100 

30 

100 

16 

150 

100 


0 
0 
0 


0 
0 

0 
0 
0 
0 

0 
0 
0 
0 


^1 

jl 


•  At  Bitcham,  of  s  kft,  S  did  not  flower,  and  the  other  prodoeed  no  teed. 
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•ad  Date. 


ao. 

31. 


33. 
34. 

35. 

3$. 

37. 
38. 

38. 
40. 
41. 
42. 
43. 

44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
5S. 

59. 
54. 

55. 
5o. 
57. 
56. 
59. 
80. 

61. 
69. 
63. 
64. 
65. 
66. 
67. 
68. 


70. 
71. 
79. 
73. 
74. 
75. 
76. 
77. 

78. 
79. 


1889. 

GUeadDli,  ip 

Cncurliiu  Cucuzza 

Greeo  EgTptian  Melon 

Marari 

OyptophOa  altinuiui ... 

Linaria  gcnlstifolia 

Phaseoltu  corapre^sus 
Podalyria  tinctoria 

1833. 
Cocorbita,      Candahir 

Water  Melon  

Cncozza  Lunga 

—  di  8pagna 

MeUone  di  Acqua  ...... 

—  di  Pane  Bianca 

—  della  Regina 

Oiange  Gourd   

Cucnmber,  Kabul  

1834. 
Catananche  caerulea  ... 

Coiz  laehryma  

Gourd 

Valendan  Melon    

Irii  priimatica  

Pinns  Pinea   

Plantago  bonariensis ... 
Sambucus  racemoia  ... 
Scrophnlariagrandiilora 

1835. 

Cucurbita  

Echinops,  sp 

Heracleum  asperum  ... 

(Enothera,  sp 

Orobus  latbj^idet 

Podalyria  ezaltata 

Tetragonla  eipanta  ... 
VertMfcum  virgatum ... 

1836. 

Augusta  Beans  

Cassia  Canarina 

Melon,  early  Cantalupe 

«-» from  liisbon 

Cassia,  sp. 

Euphorbia  arkanocarpa 

—  Characias 

Galega  sibirica  

Herulenm  asperum  ... 

Malva,  sp. 

From  Malta  , 

Ditto  

Pepe  

Memoja 

(Enoibera,  sp 

Papaver  somniferom  ... 
Pjretbrum   microphyl- 

lum 

Saponaria,  sp 

Tragopogoii  piacenais 


e 
Z 


50 
40 
40 
99 
100 
100 
50 
18 


50 
5 
90 
90 
50 
50 
40 
5 

900 

1 

5 

50 

10 

19 

100 

150 

200 

50 
3 

35 
200 

31 

36 
100 

50 

9 

10 
72 
90 
40 
100 
80 

no 

100 

80 

8 

2 

8 

5 

100 

150 

200 

100 

88 


0 
99 
3 
8 
0 
0 
0 
0 


0 
0 
U 
8 
9 
0 
0 
0 

0 
0 
0 
20 
0 
3 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 

1 

50 

u 

0 
0 
0 
9 
0 
6 
0 
0 
0 
4 
0 
0 

0 
0 


i 


I 


8 
7 


7 

10 

7 


42 

7 
7 


30 


0 


Nano  iod  Date. 


1837. 

80.  Aubergines. 

81.  Melon , 

89.  PimenU  ...., 
83.  Tomatei .... 


1838. 

84.  Anchusa  ochroleuca  ... 

85.  Melon  from  Cassabah  .. 

86.  Water  Melon 

87.  Melon  from  Valparaiso 

88.  Cynoglossum,  sp 

89.  Papaver  somnifenim  ... 

90.  Pinus  nigricans 

91.  Tragopogon,  sp 

92.  .'Cassia  

93.  ?DoUcho8  

1839. 

94.  Augusta  Beans  

95.  Calliopsis    

96.  Lapsana  communis    . . . 

97.  Lepidium  Draba    

98.  Pisum,  sp 

99.  Prunella  vulgaris  

100.  Ricinus  communis 

101.  Salvia  verbenaca    


109. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 

no. 

111. 
112. 
113. 
114. 

115. 
116. 
117. 
118. 


1840. 

Calliopsis  tinctoria 

Chenopodium  Quinoa 

Canada  Beans 

Balsamina  hortensis  ... 
(Enothera  grandiflora... 
Omithogalum  nutans... 

Ricinus  communis 

Salvia  patens 


1841. 

Algoa  Bay 

Canada  Beans 

Ferula,  sp 

Papaver  somniferom ... 

Pbysospermum  commu- 
tatum 

Rumex,  sp 

Salvia,  sp 

Vicia  grandiflora    

FoUard's  German  Mar- 
row Fat 

1842. 

1 19.  Brassica,  Bapa  oleifera 

120.  Ervum,  sp 

121.  Oossypium  .' vitifolium 
192.  Malva  moschata 

123.  Melilotus  macrorhiza... 

124.  Papaver  somniferom  ... 

125.  Phaceliatanacetifolia... 

126.  TrifoHumgiganticum... 

127.  — ,  Alsike  Clover  

128.  Vicia  sativa 


4 

Z 


^1 


150 
150 
100 
100 

14 

15 

10 

5 

20 
150 
80 
22 
20 
50 

50 

150 

100 

50 

50 

150 

7 
200 

150 

200 

50 

150 

100 

80 

10 

12 

1 

16 

38 

150 

100 

30 

150 

150 


100 
100 
8 
100 
100 
150 

150 
190 
100 
100 


0 
50 

0 
76 

0 
U 
0 
0 
0 
0 
0 
0 
4 
36 

24 
0 
0 
0 

36 
0 
0 
0 

3 

0 

42 

81 
0 
0 
0 
0 

0 
16 

0 
73 

0 
13 

0 
70 


85 
90 

2 
18 
86 

0 
50 

0 

0 
82 


6 


11 
11 

10 


8 


36 

10 
7 


9 
123 

9 

11 

7 

4 
5 
8 
19 
5 


24 


REPORT — 1846. 


NauudDtftt. 


1843. 
189.  Cheinnthus,  sp 

130.  DiinthuschinenBis... 
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On  the  Colouring  Matters  of  Madder.    By  Dr.  Schunck. 

The  organic  colouring  matters  present  such  a  wide  field  for  inquiry,  that  i 
would  require  the  labour  of  years  to  enable  one  person  fully  to  elucidate  thei 
properties,  or  even  to  bring  this  department  of  organic  chemistry  into  a  stat 
of  development  proportionate  to  the  present  condition  of  the  science.  Th 
substances  included  under  the  name  of  colouring  matters  by  no  means  agre 
in  their  chemical  characteristics ;  they  merely  coincide  in  being  possessed  o 
certain  vivid  colours,  or  in  giving  rise  to  coloured  compounds.  Strictly  con 
sidered,  some  of  them  ought  to  be  classed  among  the  resins  and  others  amonj 
the  extractive  matters ;  and  on  the  other  hand,  if  we  attempt  a  definition  c 
the  class  according  to  their  chemical  characteristics,  we  shall  find  it  impossibl 
to  exclude  a  large  number  of  bodies,  which,  like  tannin  and  catechin,  ar 
capable  of  giving  rit^e  under  peculiar  circumstances  to  brown  substance 
which  in  nowise  differ  in  their  general  properties  from  the  bright  red  coloui 
ing  matters  of  archil,  logwood,  &c  Some  colouring  matters  are  presentei 
to  us  ready  formed  in  the  different  parts  of  plants  and  animals ;  others  ar 
produced  artificially  from  colourless  substances,  which  undergo  very  couiple: 
changes  during  the  process ;  others  arise  spontaneously  during  the  first  stage 
of  oxidation  or  putrefaction  following  the  extinction  of  organic  life.  In  th 
investigation  of  substances  thus  widely  differing  in  properties  and  formation 
it  would  be  vain  to  expect  at  present  anything  approaching  to  general  result 
in  regard  to  the  class  as  a  whole.  I  must  therefore  content  myself  on  thi 
occasion  with  giving  a  short  account  of  the  results  of  some  experiment 
which  I  have  made  on  one  branch  of  the  subject,  at  the  same  time  apologisin] 
for  their  present  vague  and  undefined  nature. 

I  have  directed  my  attention  in  the  first  instance  to  madder,  partly  becausi 
the  colouring  matters  contained  in  it  are  almost  unknown,  or  rather  wor» 
than  unknown,  viz.  known  in  such  a  manner  as  merely  to  mislead  those  wb< 
wish  to  inform  themselves  by  the  accounts  given  of  them,  and  partly  becausi 
madder  is  an  article  of  such  an  immense  importance  in  the  art  of  dyeing  tha 
every  discovery  in  relation  to  it  acquires  immediately  a  practical  bearing. 

It  will  be  unnecessary  for  me  to  allude  to  the  former  numerous  investiga 
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tioiu  of  madder,  except  so  far  as  to  mention  that  Roblqnet  discovered  in  it 
a  ciysCallized  volatile  colouring  matter,  which  he  called  Alizarin^  and  that 
Range  described  five  colouring  matters  which  he  obtained  from  it,  vis.  madder 
/wipfe,  madder  red^  madder  orangef  madder  yeUow  and  madder  brown*  I 
maj  here  state  as  one  result  of  my  investigation,  that  I  agree  with  Runge  in 
thinking  that  there  is  more  than  one  colouring  matter  in  madder,  though  I 
am  of  opinion  that  the  substances  which  he  enumerates  and  describes  are 
sot  pure.  Before  however  entering  on  this  part  of  the  subject,  I  shall  first 
give  the  results  at  which  I  have  arrived  in  regard  to  alizarin.  Alizarin  is 
doubtless  the  most  interesting  and  the  most  definite  in  its  nature  of  all  the 
sabstaoces  contained  in  madder.  It  also  presents  itself  the  most  easily  to 
the  observer  even  on  the  most  superficial  examination.  If  we  heat  madder 
spread  out  in  a  thin  layer  on  a  metal  plate  without  carrying  the  heat  far 
enough  to  char  the  woody  parts  of  the  root,  we  shall  in  the  course  of  a  few 
boors  find  its  surface  covered  with  small  red  or  orange-coloured  crystals, 
vbich  consist  of  alizarin.  In  the  same  way  any  extract  of  madder,  whether 
with  water,  alcohol  or  alkalies,  evaporated  to  dryness  and  gently  heated,  gives 
a  crystalline  sublimate  of  alizarin,  which  is  variously  coloured  from  a  light 
yellow  to  a  dark  red  or  brown.  Now  one  of  the  first  points  to  be  ascertained 
in  regard  to  this  body  was  whether  it  exists  as  such  in  the  root,  or  whether 
it  is  formed  by  the  process  of  sublimation.  Robiquet,  the  discoverer,  states 
that  it  pre-exists  in  the  plant.  He  considered  alizarin  as  the  colouring  prin- 
ciple of  madder,  and  merely  subjected  it  to  sublimation  for  the  purpose  of 
purifying  it.  But  his  investigation  presents  us  with  no  convincing  proof  of 
this  opinion,  for  the  extract  of  madder  with  water,  alcohol,  &c.,  from  which 
he  prepares  his  alizarin  by  sublimation,  shows  no  trace  of  anything  crystalline; 
and  many  chemists  have  asserted  in  consequence  that  it  is  a  product  of  de- 
eompoeition,  being  formed  by  the  action  of  heat  in  the  same  way  as  pyrogallic, 
pyrotartaric  acid,  and  many  other  bodies.  I  have  however  no  hesitation 
in  affirming  that  it  exists  in  the  plant  as  such,  having  in  more  than  one  way 
obtained  it  in  a  crystallized  state  without  the  intervention  of  heat  If  we 
make  an  extract  of  madder  with  cold  water,  we  obtain  a  brown  fluid  which 
produces  no  reaction  on  test  paper.  After  being  exposed  however  to  the 
action  of  the  atmosphere  for  some  hours,  it  acquires  a  distinctly  acid  reaction ; 
and  if  it  be  now  examined  carefully,  there  will  be  found  floating  about  in  it 
a  number  of  long  hair-like  shining  crystals :  these  crystals  are  alizarin.  If 
the  fluid  be  still  further  exposed  to  the  influence  of  the  atmosphere,  a  yellow 
amorphous  substance  begins  to  separate,  which  I  shall  mention  afterwards. 
This  is  succeeded  by  a  gelatinous  substance,  and  after  some  days  a  complete 
state  of  patrefaction  ensues.  It  seems  as  if  the  alizarin  in  madder,  or  at  all 
events  that  part  which  dissolves  in  the  water,  exists  in  combination  with  lime. 
On  exposure  to  the  atmosphere,  there  is  formed,  from  some  constituent 
of  the  root  dissolved  in  the  fluid  through  the  instrumentality  of  the  oxygen, 
fome  acid,  which  seizes  hold  of  the  lime  in  the  solution  and  separates  the 
bodies  which  are  combined  with  the  lime.  Now  the  alizarin,  being  a  body 
of  f  ery  slightly  acid  properties,  is  separated  first,  and  the  other  substances 
follow  in  succession.  The  fresher  the  madder  is,  the  purer  will  be  the  ali- 
zarin, which  separates  on  exposure  to  the  atmosphere ;  in  some  instances  it 
forms  on  the  surface  of  the  fiuid  a  thick  light  yellow  scum ;  but  in  most  cases 
it  is  mixed  with  brown  or  red  substances,  from  which  it  is  separated  with 
difficulty.  It  is  therefore  most  advisable  to  separate  the  crystals  which  are 
deposited  after  twelve  houre'  standing,  by  filtration.  These  crystabi  are  then 
waihed  from  the  filter  and  boiled  with  very  dilute  nitric  acid  until  they  have 
become  of  a  bright  yellow  colour.  They  are  then  dissolved  in  l>oiling  alcohol, 
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from  which  they  leparate  on  cooling  in  yellow  transparent  plates  and  needle 
having  a  strong  lustre.  Alizarin  prepared  in  this  way  has  the  followinj 
properties : — It  has  a  pure  yellow  colour  without  any  admixture  of  red.  J 
may  be  volatilized  without  leaving  any  residue*  The  vapour  crystallizes  oi 
cooling  in  beautiful  yellow  plates  and  needles*  It  suffers  hardly  any  chang 
if  exposed  to  the  action  of  the  most  powerful  reagents.  It  dissolves  withou 
change  in  cold  concentrated  sulphuric  acid.  Concentrated  nitric  aoid  hardi 
affects  it  even  on  boiling.  It  is  not  changed  by  chlorine.  It  is  insoluble  i 
wateri  but  soluble  in  alcohol  with  a  yellow  colour.  It  dissolves  in  alkalic 
with  a  beautiful  purple  colour.  Its  compounds  with  the  alkaline  earths  ar 
red  and  slightly  soluble  in  water.  Its  compounds  with  the  earths  and  metalli 
oxides  are  insoluble  in  water  and  exhibit  different  shades  of  red.  It  impart 
no  colour  to  cloth  mordanted  with  acetate  of  alumina  or  oxide  of  iron,  o 
account  of  its  insolubility  in  water.  Very  little  alizarin  is  obtained  in  thi 
way;  perhaps  one  1  gr,  from  1  lb.  of  madder,  though  there  is  more  of  it  cok 
tained  in  the  root, 

I  shall  now  shortly  describe  two  other  colouring  matters  which  I  hav 
obtained  from  madder.  If  an  extract  of  madder  be  made  with  hot  or  col 
water,  and  a  strong  acid,  such  as  muriatic  or  sulphuric  acid,  be  added  to  th 
fluid,  a  dark  reddish-brown  fiocculent  precipitate  is  produced.  This  prec 
pitate  was  separated  by  filtration  and  washed  until  the  acid  was  remove< 
On  being  treated  with  boiling  water,  a  part  of  it  dissolves  with  a  brown  colou 
On  adding  a  few  drops  of  acid  to  the  filtered  solution  a  dark  brown  pri 
cipitate  is  produced,  which  seems  to  me  to  be  a  peculiar  colouring  matte 
similar  in  its  properties  to  orcein,  hematin  and  other  soluble  colourin 
matters.  It  dissolves  in  alkalies  with  a  red  colour,  and  is  capable  of  impartin 
very  lively  colours  to  mordanted  cloth.  As  far  as  I  am  aware  it  has  n< 
been  described  in  the  former  investigations  of  this  subject,  though  it  seem 
to  be  the  principal  substance  concerned  in  the  production  of  the  colours  fc 
which  msidder  is  used  in  the  arts,  I  have  however  only  examined  it  vei 
slightly  as  yet  The  residue  left  behind  by  the  boiling  water  was  treate 
with  dilute  boiling  nitric  acid,  by  which  every  trace  of  the  preceding  substan^ 
is  destroyed,  and  the  residue  itself  acquires  a  bright  yellow  colour  an 
a  more  powdery  consistence.  This  yellow  powder  contains  alizarin,  as 
shown  by  its  giving  crystals  of  that  substance  on  being  gently  heated ;  \ 
fact  it  contains  all  the  alizarin  of  the  root,  but  mixed  with  another  substan< 
of  an  amorphous  nature  but  very  similar  properties,  from  which  it  is  difficu 
to  separate  it.  By  crystallising  from  alcohol  no  separation  can  be  effected 
as  they  are  both  about  equally  soluble  in  that  menstruum.  They  also  beha^ 
in  a  similar  manner  towards  the  alkalies,  the  earths  and  most  of  the  metalli 
oxides,  I  have  hitherto  only  succeeded  in  discovering  one  method  of  » 
parating  them,  which  is  as  follows : — The  mixture  of  the  two  is  dissolved  in 
little  caustic  potash.  To  the  solution  is  added  perchloride  of  iron,  wbic 
produces  a  dark  reddish-brown  precipitate  consisting  of  peroxide  of  iron  i 
combination  with  the  two  substances.  Now  on  boiling  this  precipitate  wil 
an  excess  of  perchloride  of  iron,  the  alizarate  of  iron  dissolves,  forming  a  dai 
brown  solution,  while  the  iron  compound  of  the  other  substance  remaii 
behind.  On  adding  muriatic  acid  to  the  filtered  solution,  the  alizarin  separate 
in  yellow  flocks  and  may  be  purified  by  crystallization  from  alcohol,  Tt 
other  substance,  to  which  I  have  not  yet  given  a  name,  is  obtained  by  d\ 
composing  its  iron  compound,  which  remains  behind  on  treating  with  pe 
chloride  of  iron,  with  muriatic  acid,  and  washing  till  all  the  oxide  of  iron 
removed.  It  seems  also  to  be  a  colouring  matter,  as  it  dissolves  with  a  re 
colour  ]Q  aUudiea  and  gives  red  compounds  with  the  earths  and  metalli 
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oxidait  It  if  ioiolable  tn  water,  but  soluble  in  alcohol  with  a  yellow  colour. 
It  therefore  reiembles  the  resins  in  its  general  properties.  It  cannot  be  ob- 
tsined  in  a  crystallised  state.  From  a  hot  concentrated  solution  in  alcohd 
it  separates  on  cooling  as  a  yellow  powder.  It  imparts  no  colour  to  mor- 
duiteddoth. 


On  thePhyMMogkai  Action  of  Medicines.    By  J.  BtAKS,  M.B^  P.R.C.S. 

The  present  report  is  a  continuation  of  those  which  have  already  been  read 
before  this  section,  and  which  have  been  published  in  the  reports  of  the 
Association.  The  only  additional  experiments  I  now  have  to  bring  forward 
have  been  instituted  to  investigate  the  action  of  the  salts  of  iridium  and 
osmium,  and  the  acids  of  selenium  and  sulphur,  when  introduced  directly 
Into  the  blood. 

The  experiments  that  have  been  made  with  the  salts  of  iridium  and  osmium 
prove  that  these  substances  closely  aeree  in  their  physiological  action  with 
the  salts  of  palladium  and  platinum.  They  are,  like  these  salts,  very  poison- 
ous. A  ivolution  containing  half  a  grain  of  the  double  chloride  of  iridium 
and  ammonia,  was  injected  into  the  jugular  vein  of  &  dog.  Before  the  injec- 
tion, the  action  of  the  heart  was  regular  and  strong*;  in  eight  seconds  aflter 
the  injection,  the  action  of  the  heart  appeared  affected,  it  being  rendered  flut- 
tering ;  and  after  a  few  seconds  there  was  an  apparent  obstacle  to  the  passage 
of  the  blood  through  the  systemic  capillaries,  as  the  pressure  in  the  arterial 
system  became  greater.  In  about  a  minute  the  pressure  again  diminished ; 
the  action  of  the  heart  was  slower,  the  force  it  exerted  in  propelling  the  blood 
being  equal  to  a  column  of  mercury  of  but  three  inches  and  a  half,  or  little 
more  than  the  half  of  that  under  which  the  circulation  is  generally  carried 
on.  The  animal  appeared  to  be  uncomfortable,  owing  to  the  circulation  be- 
coming so  feeble.  On  injecting  a  solution  containing  a  grain  of  the  salt,  the 
circulation  was  arrested  in  eleven  seconds,  owing  eitner  to  the  action  of  the 
heart  having  ceased,  or  else  that  its  contractions  were  so  weakened  that  they 
did  not  suffice  to  force  the  blood  through  the  pulmonary  capillaries.  The 
pressure  exerted  by  the  blood  in  the  arterial  system  became  suddenly  dimi- 
nished, so  as  only  to  support  a  column  of  mercury  of  an  inch  and  a  half,  at 
which  point  the  circulation  through  the  capillaries  would  appear  to  have 
been  suspended,  for  the  pressure  remained  stationary  for  more  than  a  minute, 
and  then  sunk  to  zero,  o^ing  to  relaxation  of  the  capillaries  taking  place. 
Death  followed  about  three  minutes  and  a  half  after  the  injection,  and  the 
eye  retained  its  sensibility  to  mechanical  irritation  for  three  minutes ;  respi- 
ration and  sensibility  continuing  nearly  two  minutes  longer  than  would  have 
been  the  case  had  the  injection  of  the  salt  totally  paralyzed  the  heart  On 
opening  the  thorax  immediately  after  death,  the  heart  was  found  contracting 
rjthmically,  but  very  feebly,  certainly  not  with  sufficient  power  to  propel  its 
contents :  both  cavities  were  full  of  blood ;  in  the  right  it  was  dark,  that  in 
the  left  was  of  a  maroon  colour,  and  had  evidently  been  oxygenized,'  proving 
that  the  circulation  had  ceased  before  respiration  wa^  suspended.  The  blood 
coagulated  imperfectly,  and  this  has  been  noticed  after  the  introduction  of 
the  salts  of  palladium  and  platinum,  which  are  isomorphous  with  those  of 

*  The  state  of  the  circulation  ia  ascertained  by  the  hiBmadynamoineter,  an  instrnment  which 
emkles  us  readily  to  detect  any  change  in  the  action  of  the  heart  or  in  the  passage  of  the 
blood  tbroogh  the  lystemic  or  pulmonary  capillaries. 
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iridium»  and  which  exert,  although  in  such  small  quantities,  a  mailced  effect 
in  preventing  the  perfect  coagulation  of  the  blood.  Another  experiment 
was  performed  to  observe  more  particularly  the  general  effects  following  the 
introduction  of  the  salt  into  the  veins ;  the  haemadynamometer  was  not  used, 
and  the  animal  was  allowed  to  run  about  On  injecting  a  solution  containing 
half  a  grain  of  the  salt,  no  immediate  effects  followed,  but  in  about  forty 
seconck  the  animal  became  unsteady,  and  there  was  a  tendency  to  fall  back- 
wards: in  a  minute  and  a  half  respiration  was  longer  and  deeper;  seusibility 
remained  unimpaired ;  after  a  few  minutes  the  animal  laid  down,  and  the 
dyspnoea  increased,  coming  on  in  paroxysms ;  in  six  minutes  after  the  injec- 
tion, respiration  was  suspended  for  forty  seconds,  but  this  was  not  accompa- 
nied by  convulsions,  or  even  by  loss  of  sensibility :  this  occurred  four  or  five 
times  in  the  course  of  ten  minutes ;  the  animal  laid  perfectly  still,  and  did  not 
appear  to  be  suffering,  although  sensibility  was  unimpaired.  A  grain  of  the 
salt,  on  being  introduced  into  the  vein,  served  to  increase  these  symptoms, 
although  the  animal  did  not  die  until  some  minutes  after  it  had  been  in- 
jected. These  symptoms  are  such  as  would  result  from  the  gradual  weaken- 
ing of  the  action  of  the  heart,  and  the  consequent  diminution  of  the  supply 
of  blood  to  the  brain ;  they  lead  to  the  conclusion  that,  when  injected  into  the 
veins,  this  salt  does  not  exert  any  marked  action  on  the  nervous  system. 
When  introduced  directly  into  the  arteries,  by  being  injected  through  the 
axillary  artery  so  as  to  mix  with  the  blood  as  it  passes  through  the  aorta,  the 
salts  of  iridium,  as  those  of  platinum  and  palladium,  impede  the  passage  of 
the  blood  through  the  capillaries,  to  such  an  extent  as  to  require  the  heart  to 
exert  more  than  twice  the  power  that  is  required  in  the  natural  state  of  the 
circulation,  to  force  the  blood  through  them.  This  sudden  increase  of  the 
pressure  in  the  arterial  system  is  attended  by  general  spasm.  When  a  grain 
of  the  salt  was  injected  into  the  artery,  in  a  few  seconds  Uie  pressure  was  equal 
to  a  colunm  of  mercury  of  twelve  inches ;  violent  spasm  immediately  came  on, 
during  which  respiration  was  suspended,  nor  did  it  again  take  place  regularly. 
Six  respiratory  movements  were  observed  during  the  next  four  minutes,  after 
which  there  was  no  further  movement.  The  action  of  the  heart  appeared  to  be 
arrested  by  asphyxia ;  but  even  after  it  had  ceased,  the  pressure  in  the  arteries 
was  equal  to  three  inches  of  mercury,  showing  that  the  passage  of  the  blood 
through  the  systemic  capillaries  was  still  impeded,  although  the  animal  had 
been  dead  two  or  three  minutes.  When  thus  brought  into  direct  contact 
with  the  nervous  centres,  there  can  be  no  doubt  but  that  these  substances 
f  xert  a  marked  action  on  them ;  it  is  possible  that  the  violent  spasm  that  im- 
mediately followed  their  injection  might  be  owing  to  the  great  pressure  the 
brain  is  subject  to  from  the  over-distension  of  the  arterial  system,  but  this  will 
not  explain  the  permanent  cessation  of  its  functions. 

The  salts  of  osmium  are  perfectly  analogous  in  their  action  to  those  oF 
iridium,  and  the  other  members  of  this  isomorphous  group.  The  salt  used 
was  the  double  chloride  of  osmium  and  potassium,  for  owing  to  the  chlorides 
of  both  iridium  and  osmium  being  decomposed  by  water,  I  was  forced  to  use 
them  combined  with  another  base,  although  I  should  have  wished  to  have 
avoided  this  if  possible. 

The  effects  produced  by  selenic  and  sulphuric  acids,  when  introduced  into 
the  blood,  are  not  very  striking,  that  is,  they  do  not  appear  to  act  in  a  marked 
manner  on  any  one  organ.  They  agree  in  this  respect  with  other  bodies, 
which  either  are  found  entering  into  the  composition  of  the  blood,  or  have 
isomorphous  relations  with  these  constituents.  The  important  part  which, 
sulphur  takes  in  the  proteine  compounds,  might  lead  us  to  expect  that  its  in« 
troduction  into  the  blood,  as  well  as  selenium,  which  is  so  closely  isomorphous 
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^nA  it,  nught  not  produce  any  rerj  xoaxked  effect  In  an  experiment  per- 
formed witii  fldenie  acid,  the  following  are  the  symptoms  that  presented 
themsdres  (the  add  used  was  of  specific  ^vity  I'CHS,  containing  about  ^ve 
and  a  half  per  cent,  of  real  acid).  On  injecting  three  drachms  of  the  acid, 
mixed  with  an  equal  quantity  of  water,  into  the  jugular  vein,  no  appreciable 
effect  was  produced ;  neither  the  passage  of  the  blood  through  the  lungs,  nor 
through  the  systemic  capiUaries,  appeared  at  all  impeded ;  nor  was  the  action 
of  the  heart  i^ected ;  in  about  forty-five  seconds  after  the  injection  its  move- 
ments appeared  slightly  fluttering;  after  two  minutes  the  respiration  was 
observed  to  be  rather  deeper*  Immediately  after  the  introduction  of  half  an 
ounce  of  the  acid  into  the  vein,  there  was  a  falling  off  of  the  quantity  of 
blood  sent  into  the  arterial  system ;  and  as  this  took  place  five  seconds  after 
the  injection,  it  must  have  been  owing  to  the  passage  of  the  blood  through 
the  pulmonary  capillaries  having  been  impeded,  for  there  had  not  been  time 
for  the  substance  to  reach  the  coronary  arteries  and  act  on  the  heart  After 
thirty  seconds  the  supply  of  blood  to  the  arteries  was  restored,  and  the  action 
of  the  heart  was  as  strong  as  before.  There  appeared  to  be  np  marked  effect 
produced  on  any  organ,  idthough  the  quantity  of  acid  introduced  was  very 
considerable  (seven  drachms) ;  after  a  few  minutes  the  respiratory  movements 
became  longer  and  deeper,  and  the  action  of  the  heart  decidedly  weaker,  the 
force  with  which  the  blood  was  propelled  into  the  arteries  being  only  half 
what  it  is  in  the  natural  state  of  the  circulation ;  there  was  no  expression  of 
pain.  Half  an  ounce  of  the  acid  was  again  injected  into  the  veins.  The 
immediate  efiect  was  to  arrest  the  passage  of  the  blood  through  the  lungs,  no 
Uood  being  sent  into  the  arteries,  although  the  heart  could  be  felt  beating 
tbroogh  the  parietes  of  the  thorax.  Respiration  was  stopped  at  a  minute 
and  twenty  seconds  after  the  arrest  of  the  circulation,  sensibility  having  dis- 
appeared a  few  seconds  eariier.  On  opening  the  thorax  immediately  after  the 
coMsntion  of  respiratory  movements,  the  heart  was  found  beating  rytbmically: 
tbe  right  cavities  were  very  much  distended  with  blood,  which  was  dark  and 
gramous,  and  apparently  physically  incapable  of  passing  through  the  lungs. 
The  left  cavities  contained  a  small  quantity  of  scarlet  blood,  which  was  co- 
agulated ;  the  lungs  were  redder  than  natural ;  the  heart  retained  its  irrita- 
bility some  time  alter  death.  The  above  symptoms  do  not  suffice  to  indicate 
any  particular  organ  on  which  the  acid  exerts  a  marked  influence;  for  although 
death  was  produced  by  the  passage  of  blood  through  the  pulmonary  ca- 
pillaries being  arrested,  yet  this  was  probably  owing  to  the  mechanical 
impediment  which  the  coagulated  state  of  the  blood  must  have  opposed  to 
its  passage  through  the  pulmonary  vessels.  In  other  experiments  that  I  have 
made  with  this  substance,  I  have  sometimes  seen  a  serous  secretion  take  place 
in  the  air  passages.  There  is  also  some  action  on  the  nervous  system,  as  the 
following  experiment  will  show.  The  animal  was  small ;  it  was  not  confined, 
in  order  that  the  effects  on  the  functions  of  voluntary  motion  and  sensation 
might  be  more  accurately  observed.  A  drachm  of  the  acid  was  introduced 
into  the  veins,  without  giving  rise  to  any  marked  symptoms.  A  second  in- 
jection, containing  a  drachm  and  a  half  of  the  acid,  did  not  affect  the  animal 
in  any  marked  degree :  after  a  few  minutes  it  appeared  rather  dull,  but  there 
waa  no  expression  of  pain,  nor  was  sensibility  impaired.  On  introducing 
two  drachms  into  the  veins,  the  animal  fell  down  in  about  thirty  seconds,  and 
respiration  was  much  affected ;  it  got  up  again  in  about  a  minute,  and  jumped 
about  in  a  very  curious  manner,  the  movements  being  evidently  involuntary, 
aa  if  the  animal  had  chorea :  it  remained  standing  quite  motionless  for  a  few 
minutes,  but  gradually  became  weaker,  and  de£^  took  place  ten  minutes 
after  the  last  injection ;  there  were  no  convulsions,  nor  was  the  sensibility 
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destroyed  until  immediately  before  death.  On  opening  the  thomx,  tiie  heart 
was  found  contracting  rythmically.  There  was  a  considerable  quantity  of 
frothy  secretion  in  the  bronchial  tubes,  and  this  renders  it  difficult  to  deters 
mine  if  the  asphyxia,  by  which  the  action  of  the  heart  was  finally  arrested, 
was  nervous  or  pulmonary ;  that  is,  whether  the  nervous  system  was  affected 
by  the  want  of  aeration  of  the  blood,  or  whether  the  respiratory  movements 
ceased  in  con^uence  of  the  action  of  the  aoid  directly  on  the  nervous 
system.    The  latter  opinion  I  think  the  more  probable. 

Sulphuric  acid,  when  introduced  into  the  veins,  gives  rise  to  exactly  the 
same  phsenomena,  the  only  organ  on  which  it  appears  to  exert  any  marked 
effect  being  the  lungs,  although  slight  nervous  symptoms  are  produced  when 
a  considerable  quantity  has'  been  introduced  into  the  blood.  The  action  of 
these  substances  when  injected  into  the  arteries,  and  thus  applied  directly  to 
the  brain  and  over  the  system,  without  previously  passing  through  the  lungs, 
is  evidently  on  the  nervous  system.  Two  drachms  of  the  diluted  acid,  mixed 
with  four  drachms  of  water,  were  injected  into  the  left  axillary  artery,  so  as 
to  pass  into  the  aorta ;  in  ten  seconds  all  movements  ceased ;  there  was  a  slight 
spasm,  which  relaxed  in  a  few  seconds.  During  the  continuance  of  the  spasm, 
the  pressure  in  the  arterial  system  was  slightly  increased,  but  it  rapidly  de* 
dined,  so  that  I  think  the  passage  of  the  blood  through  the  systemic  capil* 
laries  is  facilitated,  rather  than  impeded  by  these  substances.  All  effective 
contractions  of  the  heart  ceased  a  minute  after  death,  probably  owing  to  the 
shock  produced  by  the  sudden  annihilation  of  tlie  functions  of  the  nervous 
system,  for  it  retained  its  irritability  some  minutes  after  death. 

With  these  experiments  I  conclude  the  first  part  of  the  series  of  researches 
which  I  propose  to  undertake  for  the  elucidation  of  this  branch  of  physiology. 
I  have  been  engaged  on  it  for  the  last  six  years,  but  I  trust  the  results  ob- 
tained fully  repay  the  labour  that  has  been  bestowed  on  it.  The  action  on 
the  animal  oeconomy  of  the  compounds  of  twenty-nine  of  the  most  important 
elements  has  been  experimentally  investigated,  and  the  facts  which  have  been 
observed  have  led  to  the  discovery  of  a  new  law  in  vital  chemistry  which 
had  escaped  the  attention  of  former  observers,  viz.  that  the  readunu  which 
take  place  between  the  dements  of  the  living  body  and  inorganic  compoemde 
are  not  governed  by  the  ordinary  chemical  properties  of  these  substanoeSf  but 
depend  on  certain  prepares  they  possess  connected  with  their  isomorphotts 
rdations*  The  verification  of  this  law  enables  us  to  undertake  the  invest!* 
gation  of  the  higher  chemical  phenomena  of  living  bodies  from  an  entirely 
new  point  of  view,  whilst  its  existence  accounts  for  the  failure  that  has  con* 
stantly  attended  attempts  to  explain  the  chemistry  of  animal  life  by  analogy 
from  ordinary  chemical  pheenomena.  The  fact  that  we  now  possess  the 
means  of  producing  well-marked  and  definite  modifidiEitions  of  some  of  the 
most  important  physiological  properties  of  various  organs,  and  this  too  by 
means  of  reagents,  the  laws  governing  whose  action  we  are  acquainted  with, 
places  in  our  hands  an  instrument  for  discovery  which  has  hitherto  been 
wanting  in  physiological  investigations.  The  enumeration  of  some  of  the 
effects  that  can  be  produced  at  pleasure  on  the  more  important  functions, 
will,  I  trust,  suffice  to  lead  others  into  this  rich  field  of  inquiry.  As  regards 
the  functions  of  the  heart,  we  can  annihilate  or  increase  its  irritability, 
quicken  or  diminish  its  pulsations,  render  them  regular  or  irregular,  augment 
their  force  or  render  them  weaker,  destroy  the  contractility  of  the  auricles, 
whibt  that  of  the  ventricles  remains  ;  keep  up  the  circulation  of  the  blood 
many  minutes  after  every  sign  of  life  has  disappeared,  and  this  too  more 
actively  than  when  respiration  was  being  carried  on ;  we  can  facilitate  or 
arrest  the  passage  of  the  blood  through  the  pulmonary  and  systemic  capil* 
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laiies;  piodaoa  important  modifications  in  the  functiont  of  the  brain: — in 
short,  the  injection  of  Tarious  substances  into  the  arteries  and  veins  enables 
tts  to  modify  all  the  most  important  functions  of  the  body :  and  this,  as  before 
stated,  by  reagents,  the  laws  of  whose  action  ve  can  fairly  hope  to  disoover. 
My  reason  for  having  neglected  the  closer  investigation  of  these  interesting 
pluenomena,  was  a  determination  fully  to  establish  the  law  of  the  analogous 
aelioa  of  isomorphous  sabstances.  This  having  been  accomplished,  I  shall 
now  direct  my  researches  to  the  elucidation  of  these  secondary  questions. 


Report  on  the  Actinograph*    By  Mr.  RoBsaT  Hunt. 

It  will  be  remembered  that  in  18S8  Sir  John  Henchel  proposed  an  instnt* 
ment  for  the  purpose  of  registering  the  variations  of  the  actinic  or  chemical 
rays,  and  published  in  the  Philosophical  Transactions  a  design  for  what 
he  termed  an  Actinograph,  by  which  it  was  thought  both  the  chemical  action 
of  the  direct  solar  rays  and  of  the  diffused  daylight  would  be  registered. 
Dr.  Daubeny,  Prof,  ^fichols  and  Mr.  Thomas  Jordan  have  severally  deiiigned, 
and  I  believe  used,  instruments  somewhat  similar,  but  it  does  not  appear  that 
any  veiy  satisfactory  results  have  been  obtained  by  either  of  these  inquirers. 
Al  the  VorlE  meeting  I  pointed  out  the  importance  of  some  such  registration, 
and  at  the  request  of  the  committee  I  had  an  instrument  constructed,  which 
I  exhibited  to  the  Association  at  the  Cambridge  meeting.  The  actinograph 
I  have  been  using  differs  but  little  from  that  proposed  by  Sir  John  Herschel, 
a  modification  of  Mr.  Jordan's  being/ introduced,  by  which  it  was  thought 
the  results  could  be  tabulated  for  every  hour  of  the  day.  As  the  form  of 
this  instrument  is  published  in  the  Report  for  ISiS,  it  will  be  unnecessary  to 
do  more  than  describe  such  alterations  as  have  suggested  themselves  during 
the  past  year.  The  triangular  slit,  divided  into  one  hundred  parts,  has  been 
abandoned,  it  being  found  in  practice  almost  impossible  to  discriminate  be« 
tween  the  amount  of  coloration  produced  on  the  paper  during  an  exposure  of 
three  minutes  or  six ;  consequently  it  became  quite  idle  to  attempt  to  register 
by  this  plan  to  the  degree  of  nicety  which  it  was  hoped  might  be  attained. 
A  dew  external  cylinder  has  therefore  been  constructed,  in  which  are  thirteen 
holes,  commencing  with  a  mere  pin-hole  and  gradually  increasing  to  a  ^ 
ineh  diameter.  By  this  means  thirteen  bands  are  mariced  upon  the  sensi* 
tive  paper,  each  one  separated  from  the  other  by  an  unaltered  line,  and  it 
beeomes  easy  to  distinguish  with  considerable  accuracy  between  the  tints 
thus  produced. 

Bromide  of  silver  was  the  material  which,  from  the  circumstance  that  all 
the  rays  of  the  prismatic  spectrum  exert  some  influence  upon  it,  was  em* 
ployed  in  procuring  most  of  my  registrations.  It  has  however  been  found 
that  under  all  circumstances  this  preparation  is  too  sensitive,  and  that  although 
in  the  winter,  when  the  solar  radiations  are  weak,  it  answers  admirably,  yet 
in  the  bright  sunshine  of  summer  it  assumes  too  great  a  degree  of  darkness, 
in  even  diffused  daylight,  and  during  the  shortest  exposure  to  which  it  is  ex« 
poaed  during  the  revolution  of  the  cylinder.  Many  experiments  have  been 
made  with  other  photographic  preparations,  and  the  result  has  been  in  favour 
of  the  general  use  of  the  ammonio-nitrate  of  silvei%  It  is  true  that  this  paper 
is  not  impressed  by  all  the  rays  of  the  spectrum,  but,  as  it  is  acted  upon  by  all 
the  rays  beyond  the  yellow  ray,  and  as  the  influence  of  the  actinic  principle 
throughout  the  entire  range  of  the  spectrum  is,  as  it  appears,  always  equdly 
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effected  by  the  increased  or  diminished  intensity  of  the  luminous  and  calo- 
rific  raysy  and  consequently  that  even  the  actinism  residing  in  the  extreme 
▼iolet  ray  is  relatively  as  much  influenced  by  an  increase  of  luminous  power 
as  that  which  is  detected  in  the  yellow  ray  itself,  we  may  by  the  use  of  the 
paper  prepared  with  the  ammonio-nitrate  of  silver  arrive  at  a  very  close  ap- 
proximation  to  the  true  result 

Although  I  have  not  been  enabled  to  realize  the  hope  I  held  forth  last  year 
of  presenting  at  this  meeting  a  register  of  actinic  influences  for  the  year,  (which 
I  have  been  prevented  from  doing  by  circumstances  which  I  shall  presently 
explain,)  yet  I  have  determined,  most  satisfactorily  to  my  own  mind,  the  prac- 
ticability of  procuring,  in  favourable  positions,  such  a  registration  as  shall 
afford  much  valuable  information* 

The  circumstances  to  which  I  allude  as  those  which  have  prevented  my 
procuring  any  series  of  registers,  are  the  impossibility  of  securing  in  London 
any  position  free  from  the  constant  interferences  of  smoke  and  fog,  and  the 
difficulty  of  placing  the  instrument  so  as  to  be  free  from  the  reflected  radia- 
tions of  acyoining  buildings.  The  first  alone  is  a  fatal  objection ;  for  instead 
of  securing,  what  is  desired,  a  registration  qj^he  relative  amount  of  chemical 
influence  as  compared  with  the  quantity  of  light,  heat,  and  the  natural  at- 
mospheric conditions,  we  only  get  a  register  of  the  influence  of  smoke  in 
absorbing  the  actinic  rays.  1  therefore  propose  to  hand  over  the  instrument 
to  the  Association,  requesting  that  it  may  be  placed  in  a  favourable  position 
at  Kew,  under  the  attention  of  the  excellent  observer  there^  when  I  do  not 
doubt  ^me  curious  and  instructive  results  may  be  obtuned. 

It  is  necessary  however  to  state  that  my  experience  has  pointed  out  some 
objections  to  this  mode  of  registration,'  which  indeed  militates  against  the 
use  of  the  actinograph  as  a  philosophical  instrument. 

It  is  a  curious  fact  that  upon  almost  all  kinds  of  photographic  paper  the 
colour  produced  by  the  solar  rays  at  different  periods  of  the  day  varies 
considerably.  It  is  not  a  mere  difference  of  tint,  but  an  actual  change  in  the 
colour ;  thus  frequently  the  light  of  both  morning  and  evening  will  give  to 
chloride  of  silver  a  rose  hue,  whilst  that  of  noon  will  change  it  to^a  bluish 
^variety  of  brown.  There  is  consequently  much  difficulty  in  deciding  which 
is  the  strongest  impression.  Thus  also  the  rays  upon  two  days,  when  the  sun 
appears  equally  bright,  will  in  one  case  produce  a  red  brown,  and  in  the  other 
a  blue  brown.  It  is  left  to  the  eye  to  decide  upon  the  intensity  of  the  effect 
produced,  and  with  the  utmost  care  it  is  frequently  impossible  to  say  whether 
the  actinic  influence  is  greatest  on  the  red  brown  lines,  or  those  which  are 
blue  brown. 

The  importance  of  the  inquiry  has  been  peculiarly  evident  during  this 
summer ;  many  peculiarities  have  been  observed  in  the  growth  of  plants,  in- 
fluenced no  doubt  by  the  solar  radiations.  Many  of  our  garden  flowers, 
particularly  roses,  have  exhibited  an  abnormal  condition,  leaf-buds  being 
developed  in  the  centre  of  the  flower,  arising  from  the  vegetative  functions 
of  the  plant  overpowering  its  reproductive  functions.  Again,  during  the 
intense  sunshine  and  the  prevalence  of  the  unclouded  skies  of  the  hot  wea- 
ther of  June  and  July,  practical  photographists  found  the  greatest  difficulty 
in  obtaining  portraits  by  the  Daguerreotype  process.  At  this  time,  although 
the  intensity  of  effect  produced  on  paper  in  the  actinograph  under  the  usual 
circumstances  of  summer  sunlight  should  have  been  at  a  maximum,  it  was 
found  that  it  was  far  below  this  point,  the  maximum  point  being  repre- 
sented by  120*  During  several  experiments  made  at  the  tidie  mentioned,  the 
greatest  effect  indicat^  was  100 ;  whibt  the  sky  still  being  unclouded  and 
the  tun  shining  brightly,  it  often  fell  to  90,  and  sometimes  indeed  to  80. 
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These  facts  show  the  importance,  amongst  many  othen*  of  some  mode  of 
r^utntion  by  which  these  ever-varying  solar  influences  may  be  carefully 
obierved.  There  can  be  little  doubt  that  they  exert  an  influence,  sometimes 
balefbly  sometimes  beneficial,  upon  the  organized  creation,  and  that  we  have 
yet  to  dis<^ver,  in  these  emanations  or  influences,  the  secrets  of  nuny  of  the 
grand  pfasenomena  of  the  universe. 


Notices  an  the  If^htence  of  Light  on  the  Growth  of  Plants. 

By  Mr.  Robert  Hunt. 

Thb  experiments  connected  with  this  very  interesting  inquiry  have  been 
steadily  pursued,  and  a  concluding  report  would  have  been  made  at  this 
zDeetxng,  but  that  some  experiments,  which  had  been  conducted  with  much 
care,  with  a  view  of  determining  the  quantity  of  solid  matter  in  plants  grown 
lUKkr  different  circumstances,  were  destroyed  by  the  hail-storm  which  lately 
prevailed  over  an  extensive  dbtrict  of  the  metropolis,  the  glasses  and  troughs 
of  coloured  fluids  being  broken,  and  the  plants  themselves  washed  into  the 
soiL  As  it  was  impossible  to  repeat  this  year  these  experiments,  there  was  no 
alternative  but  either  to  present  an  imperfect  report,  or  to  defer  the  report 
for  another  year.  The  latter  course  has  been  chosen,  and  the  detail  of 
these  experiments  will  be  reserved  for  a  future  communication ;  I  have  how- 
ever thought  it  might  be  attended  with  some  advantages  to  state  a  few  of  the 
leading  facts  which  have  been  determined.  The  order  of  the  arrangements 
have  been  the  same  as  those  observed  in  the  former  experiments,  and  nearly 
all  the  results  have  been  confirmatory  of  those  published  six  years  since. 

The  germination  of  seeds  is  peculiarly  due  to  the  influence  of  the  actinic 
or  chemical  rays ;  and  if  these  are  completely  isolated  whilst  the  luminous 
rays  are  permitted  to  act  upon  the  soil  in  which  the  seeds  are  planted,  no 
germination  will  take  place.  This  influence  is  exerted  and  is  most  necessary 
up  to  the  point  at  which  the  first  leaves  begin  to  form,  when  the  luminous 
rays  are  rendered  necessary  to  efiect  the  formation  of  woody  fibre.  It  must 
be  remembered  that  this  was  a  point  upon  which  I  was  at  issue  with  some 
other  investigators ;  and  it  is  due  to  them  that  I  should  state,  that  the  dis- 
crepancies between  us  appear  to  have  arisen  from  our  not  observing  with  a 
sofiicient  degree  of  accuracy  the  point  at  which  the  two  influences  balance 
each  other,  previously  to  the  more  complete  exercise  of  the  exciting  force 
of  light,  as  distinguished  from  actinism.  The  vegetative  process  baring  been 
carried  on  until  the  plant  arrives  at  its  maturity,  a  new  agency,  the  calorific, 
is  more  decidedly  necessary  to  develope  the  reproductive  functions  of  the 
plant ;  and  then,  again,  the  chemical  rays  combined  with  the  calorific  be- 
come more  active  than  the  luminous  rays.  In  spring  we  find  the  chemical 
influences  exerting  without  interference  their  most  decided  force:  seeds 
then  germinate,  and  young  buds  and  shoots  are  developed.  As  soon  as  thu 
is  effected,  the  luminous  rays,  with  the  advance  of  the  sun,  become  more 
active,  and  the  formation  of  woody  fibre  proceeds  under  their  particular 
agmey ;  not  that  the  chemical  power  becomes  dormant,  but  it  is  rendered 
proportif  naliy  less  active  by  the  agency  of  light  In  the  late  summer  and 
the  antdmn  the  peculiar  properties  of  the  calorific  rays  are  required,  and 
under  their  agency,  with  diminished  powers  of  light,  the  ripening  of  fruits 
and  the  production  of  seed  are  accomplished. 

My  experiments  have  also  led  me  to  detect  some  curious  influences  which 
9ippear  to  be  du0  to  dissimilar  rays,  and  which  in  their  action  exhibit  great 
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inconstancy  of  effect  One  claM  of  rays,  the  same  to  vhich  St/j.  Henchel 
has  given  the  name  of  Parathermic  rays,  are  so  subdued  by  the  influences  of 
the  more  refrangible  rays,  as  to  be  nearly  inactive  during  the  spring  and  early 
summer  months)  and  indeed  in  the  spring  they  scarcely  produce  any  effect 
upon  dead  vegetable  colouring  matter,  unless  their  action  is  assisted  by  the 
use  of  some  decomposing  agent,  such  as  sulphuric  acid.  These  rays  increase 
in  power  towards  the  autumn,  and  to  them  appears  to  be  due  the  browning 
of  the  leaf. 

It  is  well  known  that  plants  will  grow  in  the  dark,  but  that  they  do  not 
then  form  chlorophylle ;  the  formation  of  this  colouring-matter  has  been  an 
object  of  some  attention,  and  I  believe  I  have  determined  it  to  result  from 
the  joint  influence  of  the  luminous  and  actinic  rays.  Boxes  of  cress  have  been 
grown  In  the  dark,  and  they  have  then  been  brought  under  the  influence  of 
a  large  spectrum  formed  by  a  water-prism.  It  has  been  stated  by  Dr.Gardner, 
that  the  plants  under  those  circumstances  exhibit  a  lateral  movement,  bend- 
ing towards  the  yellow  ray.  This  appears  to  be  a  mistake ;  the  plants  under 
the  influence  of  the  red  rays  bend  from  the  light  but  along  ihe  line  of  the  rav ; 
and  those  exposed  to  the  most  relVangible  rays  turn  towards  It,  but  still  in  the 
line  of  the  ray.  Now  the  plants  which  first  become  green,  by  careful  treatment 
in  this  way,  are  those  which  are  exposed  to  the  rays  situated  between'the  mean 
green  ray  and  the  extreme  blue.  The  action  is  continued  eventually  to  the  edge 
of  the  most  refrangible  violet  below  the  yellow  rav.  There  is  not  any  change 
effected  beyond  the  visible  spectrum,  notwithstanding  the  abundance  of  dark 
chemical  rays ;  and  the  change  is  slow  where  there  is  really  the  largest  amount 
of  light.  I  therefore  conclude  that  the  luminous  rays  are  essential  in  the  pro- 
cess, producing  the  decomposition  of  the  carbonic  acid  and  the  deposition  of 
the  required  carbon,  which  is  aflerwards.  In  all  probability,  combined  with 
hydrogen  under  the  influence  of  purely  chemical  force  as  exerted  by  the  ac- 
tinic principle. 

Such  are  the  main  results  I  have  obtained.  I  have  several  experiments 
now  in  progress,  and  I  hope  to  be  enable  *.  (n  another  year  to  complete  this  paN 
ticular  branch  of  investigation  so  fkr  as  to  present  to  the  British  Association  a 
complete  report 


Rqport  on  the  Recent  Progress  qf  Analysis  [Theory  <^the  Cmparisan  of 

TVanscendentals).    By  K.  L.  Ellis^  M.A0 

1«  Tmk  province  of  analysis,  to  which  the  theory  of  elliptic  functions  belonga, 
has  within  the  last  twenty  yean  assumed  a  new  aspect  A  great  deal  has 
doubtless  been  effected  in  other  subjects,  but  in  no  other  I  think  has  our 
knowledge  advanced  so  far  beyond  tibe  limits  to  which  It  was  not  long  ainoe 
confined* 

This  circumstance  would  give  a  particular  interest  to  a  history  of  the  re- 
cent progress  of  the  subject  even  did  it  now  appear  to  have  reached  its  full 
development  But  on  the  contrary!  there  is  now  more  hops  of  further  pro« 
gress  than  at  the  commencement  of  the  period  of  which  I  have  been  speaking. 
When,  in  1827*  Legendre  produced  the  first  two  volumes  of  his  *  Thiorie 
des  Fonctions  Elliptiques,*  he  had  been  engaged  on  the  subject  for  about 
forty  years;  he  had  reduced. it  to  a  systematic  form;  and  had  with  great 
labour  constructed  tables  to  facilitate  numerical  applications  of  his  results. 
But  little  moroi  as  it  seemed,  was  yet  to  be  done ;  nor  does  the  remark  oC 
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BaeoD,  that  knowledge,  after  it  has  been  systematized,  is  less  likely  to  increase 
tfaan  before,  seem  less  applicable  to  mathematical  than  to  natural  science* 
Nevertheless,  almost  immediately  after  the  publication  of  Legendre's  woric, 
the  earlier  researches  of  Abel  and  Jacobi  became  known,  and  it  was  at  once 
seen  that  what  had  been  already  accomplished  formed  but  a  part,  and  not  a 
large  one,  of  the  whole  subject. 

To  say  this  is  not  to  derogate  from  the  merit  of  Legendre.  He  created 
the  theory  of  elliptic  functions ;  and  it  is  impossible  no^  to  admire  the  per<* 
severance  with  which  he  devoted  himself  to  it.  The  attention  of  mathema* 
tidans  was  given  to  other  things,  and  though  the  practical  importance  of  his 
labonrs  was  probably  acknowledged,  yet  scarcely  any  one  seems  to  have 
entered  on  similar  researches*.  This  kind  of  indifference  was  doubtless  dis- 
coaraeing,  but  not  long  before  his  death  he  had  the  satisfaction  of  knowing 
that  there  were  some  by  whom  that  which  he  had  done  would  not  willingly 
be  let  die. 

The  considerations  here  suggested  have  led  me  to  select  the  theory  of  the 
integrals  of  algebraical  functions  as  the  subject  of  the  report  which  I  have  the 
honour  to  lay  before  the  Association. 

2.  The  theory  of  the  comparison  of  transcendental  functions  appears  to 
have  originated  with  Fagnani.  In  1714,  he  proposed,  in  the  'Giomale  de 
Litterati  d*  Italia;'  the  following  problem :  To  assign  an  arc  of  the  parabola 
whose  equation  is 

sach  that  its  difference  from  a  given  arc  shall  be  rectifiable. 

Of  this  problem  he  gave  a  solution  in  the  twentieth  volume  of  the  same 
journal. 

The  principle  of  the  solution  consists  in  the  transformation  of  a  certain 
differential  expression  by  means  of  an  algebraical  and  rational  assumption 
which  introduces  a  new  variable.  The  transformed  expression  is  of  the  same 
form  as  the  original  one,  but  is  affected  with  a  negative  sign.  By  integrating 
both  we  are  enabled  to  compare  two  integrate,  neither  of  which  can  be  as- 
signed in  a  finite  form*  It  is  difficult,  however,  to  perceive  how  Fagnani  was 
led  to  make  the  assumption  in  question :  a  remark  which  applies  more  or 
le»  to  his  subsequent  researches  on  similar  subjects* 

Ihe  theorem  which  has  made  his  name  familiar  to  all  mathematicians,  ap« 
peared  in  the  twenty-sixth  volume  of  the  '  Giomale.'  In  its  application  to 
the  comparison  of  hyperbolic  arcs  we  find  some  indications  of  a  more  general 
method*  We  have  here  a  symmetrical  relation  between  two  variables,  te  and 
Zf  such  that  the  differential  expression /(a;)  cf«  may  be  written  in  the  form 
z  dx*    It  follows  at  once  that /(z)  dz=^x  dz,  and  consequently  that 

yy(x) dx  -^ffiz) dz  =y {a? dz  +  zdx}z=:xz  +  C. 

The  remarkable  manner  in  which  the  idea  of  symmetry  here  presents  itself, 
inggested  to  Mr.  Fox  Talbot  his  <  Researches  in  the  Integral  Calculus.' 

In  applying  his  methods  to  the  division  of  the  arc  of  the  lemniscate,  Fag- 
nani obtained  some  very  curious  results,  and  has  accordingly  taken  for  the 
vignette  of  his  collected  works  a  figure  of  this  curve  with  the  singular  motto, 
"  Deo  veritatis  gloria." 

S.  In  MacLaurin*s  Fluxions,  and  in  the  writings  of  D'Alembert,  instances 
are  to  be  found  where  the  solution  of  a  problem  is  made  to  depend  on  the 

*  Those  of  M.  Gauss,  which  would  doubtless  have  been  exceedingly  valuable,  have  not,  I 
believe,  been  pnblisbed.  They  are  mentioned  in  a  letter  from  M.  Crelle  to  Abd.  I^de  the 
introduction  to  the  collected  works  of  the  latter,  p.  vii, 
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rectification  of  elliptic  arcs,  or,  as  we  should  now  espress  it,  is  reduced  to 
elliptic  integrals.  But  of  these  instances  Legendre  has  remarked  that  they 
are  isolated  results,  and  form  no  connected  theory.  MacLaurin  is  charged, 
in  a  letter  appended  to  the  works  of  Fagnani,  with  taking  from  the  latter, 
without  acknowledgement,  a  portion  of  his  discoveries  with  respect  to  the 
lemniscate  and  the  elastic  curve. 

4.  In  1761,  Euler,  in  the  *Novi  Commentarii  Petropolitani '  for  1758  and 
1759,  published  his  memorable  discovery  of  the  algebraical  integral  of  the 
equation 

m  dx ndy 

(A  +  Ba:  -f  Co:*  +  Dar»  +  Ear*)*  ""  (A  +  By  +  Cy«  +  Dy'  -f  Ey*)*' 

m  and  n  being  any  rational  numbers. 

He  says  he  had  been  led  to  this  result  by  no  regular  method,  <^  sed  id 
potius  tentando,  vel  divinando  elicui,"  and  recommends  the  discovery  of  a 
direct  method  to  the  attention  of  analysts.  In  effect  his  investigaticHis  re- 
semble those  of  Fagnani :  he  begins  by  assuming  a  symmetrical  algebraical 
relation  between  the  variables,  and  hence  finds  a  differential  equation  which 
it  satisfies.  In  this  differential  equation  the  variables  are  separated,  so  that 
each  term  may  be  considered  as  the  differential  of  some  function.  With  one 
form  of  assumed  relation  we  are  led  to  the  differentials  of  circular,  and  with 
another  to  those  of  elliptic  integrals,  and  so  on.  It  is  in  this  manner  that 
Dr.  Gudermann,  in  the  elaborate  researches  which  he  ha9  published  in  Crelle*s 
Journal,  has  commenced  the  discussion  of  the  theory  of  elliptic  functions. 

5.  In  the  fourth  volume  of  the  Turin  Memoirs,  Lagrange  accomplished 
the  solution  of  the  problem  suggested  by  Euler.  He  integrated  the  general 
differential  equation  already  mentioned  by  a  most  ingenious  method,  which, 
with  certain  modifications,  has  remained  ever  since  an  essential  element  of 
the  theory  of  elliptic  functions.  He  proceeded  to  consider  the  more  general 
equation  ^^  ^  ^y 

where  X  and  Y  are  any  similar  functions  of  x  and  y  respectively,  and  came 
to  the  conclusion,  that  if  they  are  rational  and  integral  functions,  the  equa- 
tion cannot,  except  in  particular  cases,  be  integrated,  if  they  contain  higher 
powers  than  the  fourth.  He  also  integrated  this  equation  in  a  case  in  which 
X  and  Y  involve  circular  functions  of  the  variables.  It  had  been  already 
pointed  out  in  the  summary  of  Euler's  researches,  given  in  the  '  Nov.  Com. 
Pet' t.  vi.,  that  if  X  and  x  are  polynomials  of  the  sixth  degree,  the  last- 
written  equation  does  not  in  general  admit  of  an  algebraical  integral,  since, 

if  so,  it  would  follow  that  the  solution  of  the  equation  -         =  > — ^,  which 

l+a?»      1+y* 

(as  the  square  of  1  -f  ^  id  a  polynomial  of  the  sixth  degree)  is  a  particular 

case  of  that  which  we  are  considering,  could  be  reduced  to  an  algebraical 

form.  Now  this  solution  involves  both  circular  functions  and  logarithms,  and 

therefore  the  required  reduction  is  impossible.    This  acute  remark*  showed 

that  Euler's  result  did  not  admit  of  generalisation  in  the  manner  in  which  it 

was  natural  to  attempt  to  generalise  it.  It  was  reserved  for  Abel  to  discover 

the  direction  in  which  generalisation  is  possible. 

6.  The  discovery  of  Euler,  of  which  we  have  been  speaking,  is  in  effect 
the  foundation  of  the  theory  of  elliptic  functions,  as  the  generalisation  of  it 
by  Abel,  or  more  properly  speaking,  the  theory  of  which  Euler's  result  is  an 

*  M.  Richdot,  in  one  of  his  memoirs  on  Abdian  or  hyper-elliptic  integrals,  quotes  it,  in 
a  slightly  modified  form,  from  Euler's  *  Oposcnla.' 
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isolated  fiBgment,  is  the  foundation  of  our  knowledge  of  the  higher  trans- 
cendents. We  may  therefore  conveniently  divide  the  subject  of  this  report 
into  two  portions,  viz.  the  general  theory  of  the  comparison  of  algebraical 
integrals,  and  the  investigations  which  are  founded  on  it.  Mathematicians 
have  been  led,  by  comparing  different  transcendents,  to  introduce  new  func- 
tions into  analysis,  and  the  theory  of  these  functions  has  become  an  important 
subject  of  research. 

The  second  portion  may  agun  be  divided  into  two,  viz.  the  theory  of 
eUiptic  functions,  and  that  of  tfie  higher  transcendents. 

This  classification,  though  not  perliaps  unexceptionable,  will,  I  think,  be 
foubd  convenient. 

7.  About  sixteen  years  after  the  publication  of  Lagrange's  earlier  researches 
on  the  comparison  of  algebraical  integrals,  he  gave,  in  the  New  Turin  Me- 
moirs for  1784  and  1785,  a  method  of  approximating  to  the  value  of  any 

integral  of  the  form  /l^,  where  P  is  a  rational  function  of  «  and  R  the 

square  root  of  a  polynomial  of  the  fourth  degree.  I  shall  consider  this  im- 
portant contribution  to  the  theory  of  elliptic  Unctions  in  connexion  with  the 
writings  of  Legendre.  At  present,  in  order  to  give  a  connected  view  of  the 
first  division  of  my  subject,  it  will  be  necessary  to  go  on  at  once  to  the  works 
of  Abel,  and  to  those  of  subsequent  writers.  In  the  history  of  any  branch 
of  science  the  chronological  order  must  be  subordinate  to  that  which  is 
founded  on  the  natural  connexion  of  different  parts  of  the  subject. 

I  shall  merely  mention  in  passing,  that  in  1775,  Landen  published  in  the 
Philosophical  Transactions  a  very  remarkable  theorem  with  respect  to  the 
arcs  of  a  hyperbola.  He  showed  that  any  arc  of  a  hyperbola  is  equal  to  the 
difference  of  two  elliptic  arcs  together  with  an  algebraical  quantity.  In  1780 
he  published  his  researches  on  this  subject  in  the  first  volume  of  his  *  Mathe- 
matical Memoirs,'  p.  23.  This  theorem,  as  Legendre  has  remarked,  might 
have  led  him  to  more  important  results.  It  contains  the  germ  of  the  general 
theory  of  transformation,  the  eccentricities  of  the  two  ellipses  being  con- 
nected by  the  modular  equation  of  transformations  of  the  second  order*.  It 
is  on  this  account  that  in  a  report  on  M.  Jacobi's  '  Fundamenta  Nova,'  con- 
tained in  the  tenth  volume  of  the  Memoirs  of  the  Institute,  Poisson  speaks 
of  Landen's  theorem  as  the  first  step  made  in  the  comparison  of  dissimilar 
eUiptic  integrals.  Several  writers  have  accordingly  given  Landen's  name  to 
the  transformation  commonly  known  as  Lagrange's. 

8.  We  have  seen  that  even  Lagrange  failed  in  obtaining  a  result  more 
general  than  that  which  had  been  made  known  by  Euler,  and  yet,  as  we  now 
know,  Euler's  theorem  is  but  a  particular  case  of  a  far  more  general  proposi- 
tion. But  in  order  to  further  progress,  it  was  necessary  to  introduce  a  wholly 
new  idea.  The  resources  of  the  integral  calculus  were  apparently  exhausted ; 
Abel,  however,  was  enabled  to  pass  on  into  new  fields  of  research,  by  bring- 
ing it  into  intimate  connexion  with  another  branch  of  analysis,  namely,  the 
theory  of  equations.  The  manner  in  which  this  was  done  shows  that  he  was 
not  unworthy  to  follow  in  the  path  of  Euler  and  of  Lagrange. 

I  shall  attempt  to  state  in  a  few  words  the  fundamental  idea  of  Abel's 
method. 

Let  us  suppose  that  the  variable  «  is  a  root  of  the  algebraical  equation 

/'  as  0,  and  that  the  coefficients  of  this  equation  are  rational  functions  of 

certain  quantities  a,  6, ...  c,  which  we  shall  henceforth  consider  independent 

variables.  Let  us  suppose  also  that  in  virtue  of  this  equation  we  can  express 

*  Vide  k^flra,  pp.  50  and  67* 
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certain  irrational  functions^  of  0  as  rational  functions  of  a?,  o,  i,  •  •  •  Oi  For 

instance!  if  the  equation  were  a;*  +  aa;  +  ^(o*  —  1)  ==  0,  it  follows  that 

\^l—afi  =  a  -f  a:.  So  that  any  irrational  function  of  the  form  F  («  4^1 —a:*) 
can  be  expressed  rationally  (F  being  rational)  in  x  and  a. 
From  the  given  equation  we  deduce  by  differentiation  the  following) 

where  a,  /3, .  •  •  7  are  rational  in  a?»  a,  (|  • .  • ,  c« 

Let  ^  be  one  of  the  functions  which  can  be  expressed  rationally  in  ^1  &c., 
it  follows  that        ^dx=z  Ada  +  Bdb  +  ...+Cdc, 

where  A,  By  •  •  •  C  are  also  rational  in  a?>  &e* 

The  equation /«  =  0  will  have  a  number  of  roots,  which  we  shall  call 
«iy  ar^  • .  •  a?^.    U  follows  that 

{A, +  ..+ A^}da  +  {B, +  ..  +  B^}rf6+..,  +  {Ci+..  +  C^}dc, 

where  the  indices  affixed  to  y,  A,  &c  correspond  to  those  affixed  to  jr,  so 
that  y„  fof  instance,  is  the  same  function  of  jPj  that  ^2  is  o^  's* 

Now  A|  4*  \*  •  +  A^  is  rational  and  symmetrical  with  respect  to  jTj  .  • .  x^, 
therefore  it  can  be  expressed  rationally  in  the  coefficients  off(x)  =  0,  and 
therefore  in  a,  6 .  •  e.  We  will  call  this  sum  Ra>  and  thus  with  a  similar 
notation  for  ft,  Ac  we  get 

y,  dxi  +  • . .  +  iff^dx^  =s  Ra cfa  +  H^ c26  +  •  ••  +  R9 dc. 

The  second  side  of  this  equation  is  from  the  nature  of  the  case  a  complete 
differential,  and  it  is  rational  in  Oy  ft,  c,  &c* ;  it  can  therefore  be  integrated 

by  known  methods ;  and  if  we  denote/    ydxhj  ^  («|)|  we  get 

M  being  a  logarithmic  and  algebraic  function  of  a^  ft|  &c*,  which  we  may 
suppose  to  include  the  constant  of  integration. 

^  (x)  is  in  general  a  transcendental  function,  while  a,  ft,  &c  are  necessarily 
algebraical  functions  of  4^1, ... ,  x^  and  the  result  at  which  we  have  arrived 

is  therefore  an  exceedingly  general  formula  for  the  comparison  of  transcen- 
dental functions. 

The  simplicity  and  generality  of  these  considerations  entitle  them  to  espe- 
cial attention :  it  cannot  be  doubted  that  the  application  thus  made  of  the 
properties  of  algebraical  equations  to  the  comparison  of  transcendents  will 
always  be  a  remarkable  point  in  the  history  of  pure  analysis. 

A  very  simple  example  may  perhaps  illustrate  what  has  been  said.  Let  us 
recur  to  the  equation  1 

^  a:«+aa:-|-i(a«^l)  =  0, (1.) 

and  suppose  that  ^        1 

Differentiating  the  first  of  these  equations,  we  find  that 

(2a?  +  o)rfa?  -^  («  +  a)  da  =  0. 

*  It  mmt  be  rmembered  that  an  algebraical  ftmcdon  li  either  explicit  or  implicit ;  ex- 
plicit, when  it  can  be  expretaed  by  a  combination  of  oidinarj  algebraical  tymboli  1  implicit, 
when  we  can  only  define  it  by  la^ng  that  it  ia  a  root  of  an  algebraical  equation  wfaoae  00- 
efficients  are  integral  functions  of  x.  Thus  y  is  an  implicit  function  of  jr  if  y^  -f  y  ~h  1  *  0* 
The  remarks  in  the  text  apply  to  all  algebraical  fdnetiiNii,  explicit  or  implicit. 
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Conpsriag  this  with  Che  genertl  expre«ion  otdx,  we  pereeive  that 
lotfait  Asi—       ^ 


^*    n 


2x  +  a 

Let  Xi  and  b^  be  the  two  roots  of  our  equatioii,  we  hare  thus  to  find  the 
?aloe  of 

A  -LA-      r      1       ^       11 gfa+gj+g)      -A 

A,+A,^-  [^^—^  +  J— j_J  -      ^2,,Va)(8«,+  a)'"' 

tnd  ^Xi^^g^^oLc* 

Since  ^i  +  '«==  — ^ 

vaisethat  »,•  +  «,•=«  1,        or  «g »  i/l  —  «,•• 

HtQcet  as  4^  ;r = sin'*' «,  our  result  is  merely  this,  that  the  sum  of  two  ares 
is  copstant  if  the  sine  of  one  is  equal  to  the  cosine  of  the  other. 
An  infinity  of  analogous  results  may  be  obtained  either  by  varying  the 

form  of  y  (e.  g.  by  making  y  =  i^l  ^afi)^  or  by  changing  the  eouation  (!.)• 
A  formula  applicable  to  SX  forms  of  y,  and  which,  for  each*  includes  all  the 
results  which  can  be  established  with  respect  to  it,  is»  it  will  readily  be  ao« 
knowledged,  one  of  the  most  general  in  the  whole  range  of  analysist  Abel's 
principal  resoll  is  a  formula  of  this  nature ;  he  developed  at  considerabla 
l«igtb  the  various  consequences  which  may  be  deduced  from  it 

Generally  speaking,  the  number  of  independent  variables  a,  &»  •  t  •  e  will 
be  less  than  tluit  of  the  different  roots,  Bh  •  • « «/«;  hence  a  certain  number, 
ny  fiiv  of  the  roots  may  be  looked  on  as  independent  (viz.  as  many  as  there 
ars  quantities  o,  i,  • . .  c),  and  the  rest  will  be  functions  of  these.  It  may 
be  shown  that  it  will  always  be  possible  to  make  the  difference  pk^^m  con- 
stant, so  that  the  sum  of  any  number  of  the  transcendents  ^f  is  expressible  by 
a  fixed  number  of  them,  together  with  an  algebraical  and  logarithmic  func* 
lion  of  the  arguments,  t.  e.  of  ari,  •  • .  arm*  In  the  case  of  elliptic  integrals,  it 
had  long  been  known  that  the  sum  of  two  may  be  thus  expressed  by  a  third ; 
and  Legandre  pointed  out  that  the  sum  of  any  number  may  similarly  be  ex- 
pressed by  means  of  one.  Accordingly  it  appears  firom  the  general  theory, 
that  in  this  ease  fi  ^  m  may  be  made  equal  to  unity. 

9.  The  history  of  this  important  theory  is  curious.  It  was  developed  by 
Abel  ia  an  essay  which  he  presented  to  the  Institute  iu  the  autumn  of  1626, 
when  he  had  scarcely  completed  his  twenty-fourth  year. 

In  a  letter  to  M.  Holmboe,  appended  to  the  edition  of  his  collected  works, 
Abel  writes,  **  Je  viens  de  finir  un  grand  trait6  sur  une  certaine  classe  de 
foofltions  tnwseendantes  pour  ie  printer  k  Tlnstitut,  ce  qui  aura  lieu  lundi 

*  The  ambignoiis  sign  of  the  rsdicsl  is  to  our  purpose  immsttrisl. 
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proebain*  J'ose  dire  tans  ostentation  qae  c'est  un  tnit£  dont  on  sera  satis- 
fait  Je  sttis  curieux  d'entendre  Topinion  de  I'lnatitut  la  dessiu.  Je  ne 
manquerai  pas  de  ten  faire  part."  Long  before  this  memoir  was  published 
Abel  had  become  **  chill  to  praise  or  blame."  He  died  at  Christiania  in  the 
spring  of  1829. 

M.  Jacobi  mentions  in  a  note  in  CreUe*s  Journal,  that  while  at  Paris  he 
represented,  and  as  he  believed  not  ineffectually,  to  Fourier,  who  was  then 
one  of  the  secretaries  of  the  institute,  that  the  publication  of  this  memoir 
would  be  very  acceptable  to  mathematicians.  A  long  period  however  was 
still  to  elapse  before  the  publication  took  place.  It  was  possibly  retarded  by 
the  death  of  Fourier.  In  1841  the  memoir  appeared  in  the  seventh  volume 
of  the  *  M^moires  des  Savans  Etrangers.'  It  was  prepared  for  publication 
by  M.  Libri. 

Thus  for  ab&ttt  fifteen  years  Abel's  general  theory  remained  unpublished ; 
but  in  the  meanwhile  Crelle's  Journal  was  established,  and  to  the  third  vo- 
lume of  this  he  contributed  a  paper  which  contains  a  theorem  much  less  ge- 
neral than  the  researches  he  had  communicated  to  the  Institute,  but  far  more 
so  than  anything  previously  effected  in  the  theory  of  the  comparison  of 
transcendents.  This  is  commonly  known  as  Abel's  Theorem.  L^endre,  in 
a  letter  to  Abel,  speaks  thus  of  the  memoir  in  which  it  appeared : — "  Mais  le 
m^moire  . . .  ayant  pour  titre  '  Remarques  sur  quelques  propri6t6s  g6n6- 
rales,'  &c^  me  parait  surpasser  tout  ce  que  vous  avez  publil  jusqu'^-pr^nt 
par  la  profondeur  de  Tanalyse  qui  y  rdgne  ainsi  que  par  la  beauty  et  la  g6n6- 
ralit6  des  r^sultats."  In  a  previous  letter,  with  reference  I  believe  to  the 
same  subject,  he  had  remarked,  *'  Quelle  t^te  que  celle  dun  jeune  Norv^ 
gienl" 

AbeFs  theorem  gives  a  formula  for  the  comparison  of  all  transcendental 
functions  whatever  whose  differentials  are  irrational  from  involving  the  square 
root  of  a  rational  function  of  x. 

In  a  very  short  paper  in  the  fourth  volume  of  Crelle's  Journal,  which 
must  have  been  the  last  written  of  Abel's  productions,  the  chief  idea  of  hb 

General  theory  is  stated ;  and  in  the  second  volume  of  his  collected  works  we 
nd  a  somewhat  fuller  development  of  it,  in  a  paper  written  before  his  visit 
to  Paris,  but  not  published  during  his  lifetime. 

While  Abel's  great  memoir  remained  unpublished  at  Paris,  several  mathe- 
maticians, developing  the  ideas  which  he  had  made  known  in  his  contribu- 
tions to  Crelle's  Journal,  succeeded  in  establishing  results  of  a  greater  or 
less  degree  of  generality.  Researches  of  this  kind  may  be  presented  in  a 
variety  of  forms,  because  the  algebraical  function  to  be  integrated,  which 
we  have  called  y,  may  be  defined  or  expressed  in  different  ways.  For  in- 
stance, if  M  and  N  are  general  symbols  denoting  any  integral  functions  of  x, 

the  two  suppositions y  =  .Y^  and  y  =  -y^  are  precisely  equivalent,  since 

by  an  obvious  reduction,  and  by  changing  the  signification  of  M  and  N,  the 
one  may  be  transformed  into  the  other ;  and  so  in  more  general  cases.  Thus 
the  same  function  may  assume  a  variety  of  aspects,  and  there  will  be  a  cor- 
responding variety  in  the  form  of  our  final  results. 

In  Crelle's  Journal  we  find  a  good  many  essays  on  this  part  of  the  sub- 
ject :  of  these  I  shall  now  mention  severaL 

M.  Broch  is  the  author  of  a  paper  in  the  twentieth  volume  of  Crelle's 
Journal,  p.  178.  It  relates  to  the  integration  of  certain  functions  irrational 
in  consequence  of  involving  a  polynomial  of  any  degree  raised  to  a  fractional 
power.    For  these  functions  he  establishes  formulae  of  sununation,  which  of 
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ooone  inehide  Abel's  theorem,  since  the  latter  relates  to  cases  in  which  the 
focdoDsl  power  in  question  is  the  (§)th.  Subsequently  to  the  publication 
of  this  paper  he  presented  to  the  Institute  a  memoir  on  the  same  subject,  but 
gafe  to  the  functions  to  be  integrated  a  different  but  not  essentially  more 
general  form.  This  memoir,  which  was  ordered  to  be  printed  among  the 
'Savans  EtrangerB,'  but  which  will  be  found  in  Crelle's  Journal  (xxiii.  Ii5)» 
mar  be  divided  into  two  portions :  the  first  contains  results  analogous  to 
Abel's  theorem ;  the  second  relates  to  the  discussion  and  reduction  of  the 
traascendents  which  they  involve.  In  this  part  of  his  researches  M.  Broch 
has  followed  the  method,  and  occasionally  almost  adopted  the  phraseology 
of  a  memoir  of  Abel,  on  the  reduction  and  classification  of  Elliptic  Inte* 
grab  (Abel  s  Works,  ii.  p.  93).  MM.  Liouville  and  Cauchy,  in  reporting  on 
the  memoir,  conclude  by  remarking  that  the  author  **  n*a  pas  trop  pr6sum6 
de  ses  forces  en  se  proposant  de  marcher  sur  les  traces  d'Abel." 

>L  Jurgenson  has  contributed  two  papers  to  Crelle*s  Journal  on  the  sub* 
J€ct  of  which  we  are  speaking.  The  first,  which  is  very  short,  contains  a 
general  theorem  for  the  summation  of  algebraical  integrals*  when  the  func- 
tJOD  to  be  integrated  is  expressed  in  a  particular  form.  This  paper  appears 
in  the  nineteenth  volume,  p.  II 8.  In  the  second  (voL  xxiii.  p.  126)  the  au« 
thor  reproduces  the  results  he  had  already  obtained,  pointing  out  the  equi- 
faience  of  one  of  them  to  the  theorem  established  in  M.  Broch  s  first  essay. 
Besides  this,  he  discusses  a  question  connected  with  the  reduction  of  alge- 
braical integrals. 

M.  Ramus,  in  the  twenty-fourth  volume  of  Crelle's  Journal,  p.  69,  has 
established  two  general  formulae  of  summation ;  from  the  second  he  deduces 
with  great  facility  AbeFs  theorem,  and  also  another  result,  which  Abel  men- 
tbns  in  a  letter  to  Legendre,  published  in  the  sixth  volume  of  Crelle's 
Joomal,  but  which  he  left  undemonstrated. 

M.  Rosenhain's  researches  (Crelle's  Journal,  xxviii.  p.  249,  and  xxix. 
p.  1)  embrace  both  the  summation  and  reduction  of  algebraical  integrals. 
His  analysis  depends  on  giving  the  function  to  be  integrated  a  peculiar  form, 
which  he  conceives  leads  to  a  simpler  mode  of  investigation  than  any  other. 

A  paper  by  Poisson  will  be  found  in  the  twelfth  volume  of  Crelle's  Jour- 
nal, p.  69.  It  relates  to  the  comparison  of  algebraical  integrals,  but  is  not 
1  think  so  valuable  as  that  great  mathematician's  writings  generally  are. 

Beside  the  memoirs  thus  briefly  noticed,  I  may  mention  two  or  three  by 
M.  Minding :  that  which  appears  in  the  twenty-third  volume  of  Crelle's 
Joomal,  p.  25S9  is  the  one  which  is  most  completely  developed. 

There  is  also  a  very  brief  note  by  M.  Jacobi  in  the  eighth  volume  of 
Crelle  s  Journal. 

10.  To  the  Philosophical  Transactions  for  1836  and  1837  Mr.  Fox  Tal- 
bot contributed  two  essays,  entitled  *  Researches  in  the  Integral  Calculus.' 
These  researches  may  be  said  to  contain  a  development  and  generalisation 
of  the  methods  of  Fagnani.  They  are  however  far  more  systematic  than  the 
writings  of  the  Italian  mathematician,  and  if  they  had  appeared  in  the  last 
century  would  have  placed  Mr.  Talbot  among  those  by  whom  the  boundaries 
of  mathematical  science  have  been  enlarged.  But  it  cannot  be  denied  that 
they  fall  far  short  of  what  had  been  effected  at  the  time  they  were  published, 
nor  does  it  appear  that  they  contain  anything  of  importance  not  known  before. 
I  have  assuredly  no  wish  to  speak  disparagingly  of  Mr.  Talbot ;  his  mathe- 
matical writings  bear  manifest  traces  of  the  ability  he  has  shown  in  so  many 

*  I  bare  used  the  expression  "  algebraical  integrals,"  though  perhaps  not  correctly,  to  de* 
B0^  the  integrals  of  algebvsical  fniiciions. 
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branehes  of  toience*.  But  at  in  this  country  they  Mem  to  ha^e  been  thought, 
and  by  men  not  apparently  unqualified  to  judge,  to  contain  great  additioni  to 
our  knowledge,  I  cannot  avoid  inquiring  whether  this  be  true* 

Mr.  Talbot  points  out  in  the  early  part  of  his  first  paper,  that  if  there  are 
n  «-  1  symmel^oal  relations  among  the  n  variables  49,  y ...  0,  then  the  idea* 
ticai  eqoation 

{y .  • ,  z}  rfjr  +  (c  *  •  •  2;) rfy  +•  •  •+  {xjf  ••*}d9^d  [^y  •  • .  9} 

will  assume  the  fbrm 

f(x)d9  +  fi]f)dy  +. ,  •+  f  (z)d9^d{9p  t . » «}f 

and  thus  give  us 

Preciselyithe  same  remark,  though  expressed  in  a  different  notation,  is  the 
foundation  of  M.  Hill's  memoir,  published  in  1834,  on  what  he  calls  **  func- 
tiones  iteratae."  It  will  be  found  in  Crelle's  Journal,  »•  p.  198«  A  much 
more  general  theorem  might  be  established  by  similar  considerations ;  they 
are  of  course  applicable  whether  the  function  p  be  a^ebraical  or  trans- 
cendent* 

In  the  course  of  his  researches,  Mr.  Talbot  recognised  the  important  prin* 
ciple,  that  the  existence  of  n  —  1  symmetrical  algebraical  relations  among  » 
variables  may  be  expressed  by  treating  them  as  the  roots  of  an  equation,  one 
of  whose  coefficients  at  least  is  variable,  the  others  being  either  constant  or 
functions  of  the  variable  one*  Unfortunately  he  did  not  pass  from  hence  to 
the  more  general  idew,  that  the  existence  of  n  — /)  symmetrical  relations 
may  be  expressed  in  a  similar  manner  if  we  consider  p  of  the  coefficients  of 
the  equation  as  arbitrary  quantities.  Had  he  done  so,  it  is  possible,  though 
not  likely,  that  he  would  have  rediscovered  Abel's  theorem;  but  as  it  ia,  he 
has  never  introduced,  except  once,  and  then  as  it  were  by  accident,  more 
than  one  arbitrary  quantity.  Thus  only  one  of  his  variables  is  independent, 
and  consequently,  in  more  than  one  instance,  his  resulU  are  unnecessarily 
restricted  cases  of  more  general  theorems* 

The  character  of  his  analysis  will  be  perceived  ttom  what  has  been  said. 

If /*X  da  be  the  transcendent  to  be  considered,  X  being  an  algebndeal  func- 
tion of  Xf  he  makes  the  following  assumption-^ 

Xa5/(a?r), 

V  being  a  new  variable,  and /a  rational  function.  From  this  assumption  he 
deduces  an  algebraical  equation  in  9^  the  coefficients  of  which  are  rational 
functions  of  o*  This  equation  then  is  one  of  those  of  which  we  have  spoken, 
by  means  of  which  the  Ainetion  to  be  integrated  can  be  expressed  in  a  ra- 
tional form*    Taking  the  sum  with  respect  to  the  roots  of  this  equation,  we 

t(Xdjf)miX(f(xv)dx). 

It  must  be  remarked  tW  Q^ny  forms  might  be  assigned  to  the  Amotion  fi 
which  would  give  rise  to  a  difficulty,  of  the  means  of  surmounting  which 
Mr*  Talbot  has  given  no  idea*  If  x  and  v  are  mixed  up  inf(x  o),  it  is  ma* 
nifest  that  we  cannot  integrate  f(xv)  dxt  iinoe  v  is  a  function  of  Xt  which 

*  It  most  beremsnbeNd  slsothst  Mr.  Talbot  sdmiti  hinuwtf  to  have  besa  satidptted 
to  a  ooniiderable  extent  by  the  pablicstion  of  Abel's  tbserenu 
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iS  w»  dimiwate  we  merely  retarn  to  onr*  function  X.  We  mntt  thevefere 
aprev  Zf(m9)dm  in  the  form  Vcfr,  V  being  a  function  and,  as  Abel  has 
sbowD,  an  integrable  function  of  r.  Abel  has  given  formulae  by  meant  of 
winch  thif  redaction  may  be  effected  in  all  poMible  caaea.  But  Uiere  it  no* 
thing  analogoiu  to  tbit  in  the  writingt  of  Mr.  Talbot*  and  cootequently  he 
coaU  not,  aetting  atide  the  defect  already  noticed,  obtain  reaultt  at  general 
IS  many  previously  known.  In  Mr.Talbot'a  inye8tigationt,/(aPv)cf;c  istuch 
tint  2j(xv)dx  may  be  put  in  the  form — 

i\^f%^  Ac  (of  which Jp'iXyf  aXy  &c.  are  the  derived  functions)  being 
ndooti  ftmctions  of  x.  Tnen  2  f  x  =:  a  rational  function  of  v  by  a  well- 
known  theorem.  Let  the  form  of  this  function  be  atcertainedy  and  let  us 
deoole  it  by  %  «•    Then  differentiating» 

and  hence 

2Xrf*  =  2/(«f;)rf«ai  [V, x'i«  +  V.x'«<'  +. .]  dv, 

and  the  second  side  of  this  equation  is  of  course  rational  and  integraUe. 
Bat  the  form  of  the  function/(j:  v)  is  unneceasarily  restricted  in  order  that 
this  kind  of  reduction  may  be  possible.  Nevertheleaa,  Mr.  Talbot's  papers, 
&om  their  fulness  of  illustration  and  the  clear  manner  in  which  particular 
easea  of  the  general  theoiy  are  worked  out  by  independent  methods,  will  be 
found  very  useful  in  facilitating  our  conceptions  of  the  branch  of  analyais 
which  forms  as  it  were  the  link  between  the  theory  of  equations  and  the  in* 
tegra]  calculus. 

In  Mr.  Talbot's  second  memoir  (Phil.  Trans.  1887»  part  2.  p^  1)  he  has 
applied  his  method  to  certain  geometrical  theorems.  Three  of  them  relate 
to  the  eUipse,  and  are  proved  by  the  three  following  assumptions  i-^ 

-= 3->  sal  4.fyr,  or»'  -  #*■  ,  or  —  -_2-. 

Iheie  aasnmptions  are  all  cases  of  the  following— 

fl  —  g'^'H^c-fc's? 
I  1— «»  /  *  a  +  a*  V 

where  a,  a%  e,  «'  are  arbitrary  quantities.  The  results  of  this  assumption 
»e  completely  worked  out  bv  Legendre  (Th6orie  des  Fonctions  ElUptiqueSt 
iii-  p.  I£f2)  in  showing  how  the  known  formulse  of  elliptic  functions  may  be 
derired  firym  Abel's  theorem.  Mr.  Talbot's  first  theorem  is  a  case  or  the 
fnadantental  formula  for  the  comparison  of  elliptic  arcs.  This  remark  has 
reference  to  an  inquiry  which  Mr.  Talbot  suggests  as  to  the  relation  in  which 
his  theorems  stand  to  the  results  obtained  by  jLegendre  and  others. 

In  oonelnsion,  it  may  be  well  to  observe  that  Mr.  Talbot  has  remarked 
that,  apparently,  a  solution  discovered  by  Fagnani  of  a  certain  differential 
equation  cannot  be  deduced  from  Abel's  theorem  $  but  as  this  solution  may 
be  easily  derived  from  the  ordinary  formuU  for  the  addition  of  elliptic  in* 
t^rala  of  the  first  kind  it  is  manifestly  included  in  the  theorem  in  question. 

II. 

11. 1  now  come  to  the  history  of  researches  into  the  properties  of  par* 
ticQlar  classes  of  algebraical  transcendents.  The  earliest,  and  still  perhaps 
the  mott  important  class  of  these  researches  relates  to  the  transcendents 


{ 
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which  are  commonly  called  elliptic  fdnctions  or  elliptic  integrals.  For  a  reason 
which  will  be  mentioned  hereafter  the  latter  name  seems  preferable,  and  it  is 
sanctioned  by  the  authority  of  M.  Jacobi,  though  the  former  was  used  by  Le-> 
gendre.  Elliptia  integrals  then  may  be  defined  as  those  whose  differentials  are 

irrational  in  consequence  of  involving  a  radical  of  the  form  /^[a-i^Px+y  xl^ 

-^-iafi+Bxi*},  But  it  may  perhaps  be  more  correct  to  say  that  all  such  in- 
tegrals may  be  reduced  to  three  standard  integrals,  to  which  the  name  of 
elliptic  integrals  has  been  given. 

In  the  Turin  Memoirs  for  17B4*  and  1785,  p.  218,  Lagrange  considered, 
as  has  been  already  mentioned,  the  theory  of  these  transcendents*  He 
showed  that  the  integration  of  every  function  irrational  in  consequence  of 

containing  a  square  root  may  be  made  to  depend  on  that  of  a  function  of 

p 
the  form  •=}  P  being  rational,  and  R  the  radical  in  question ;  and  that  if 

R 

under  the  sign  of  the  square  root  x  does  not  rise  above  the  fourth  degree, 

JUdx 
it  may  ultimately  be  made  to  depend  on  that  of  -yi  <  gx/i    t     g   gV 

where  N  is  rational  in  afi.  He  thus  laid  the  foundation~of  that  part  of  the 
theory  of  elliptic  transcendents  in  which  a  proposed  integral  is  reduced 
to  certain  canonical  or  standard  forms,  or  to  the  simplest  combination  of 
such  forms  of  which  the  case  admits.  In  Legendre's  earliest)  writings  on 
elliptic  functions  there  is  nothing  relating  to  this  part  of  the  subject.  Having 
thus,  in  the  simple  manner  which  distinguishes  his  analysis,  reduced  the  ge- 
neral case  to  that  which  admits  of  the  application  of  his  method,  Lagrange 
proceeded  to  prove  that  if  we  introduce  a  new  variable  whose  ratio  to  x  is 
the  subduplicate  of  the  ratio  of  1  +  i^'^  to  1  +  ^*^,  the  last  written  inte- 
gral is  made  to  depend  on  another  of  similar  form,  but  in  which  p  and  q  are 
replaced  by  new  quantities  p*  and  q^.  Up  is  greater  than  q,  p^  will  be  greater 
than  pf  and  q^  less  than  ^,  and  thus  by  successive  similar  transformations  we 
ultimately  come  to  an  integral  in  which  ^  is  so  small  that  the  factor  1  +  9'  a^ 
may  be  replaced  by  unity,  and  the  elliptic  integral  is  therefore  reduced  to  a 
circular  or  logarithmic  form.  Or  by  successive  transformations  in  the  oppo- 
site direction  we  come  to  an  integral  in  which  p^  and  q^  are  sensibly  equal, 
in  which  case  also  the  elliptic  integral  is  reduced  to  a  lower  transcendent. 
This  most  ingenious  method  is  the  foundation  of  all  that  has  since  been 
effected  in  the  transformation  of  elliptic  integrals,  or  at  least  whatever  has 
been  done  has  been  suggested  by  it.  Thus  it  is  to  Lagrange  that  we  owe 
the  origin  of  two  great  divisions  of  the  theory  of  these  functions. 

In  the  Memoirs  of  the  French  Academy  for  1786,  p.  616,  we  find  Legen- 
dre*s  first  essay  on  the  subject  to  which  he  afterwards  gave  so  much  attention. 
We  recognise  in  it  what  may  I  think  be  considered  ^e  principal  aim  of  his 
researches  in  elliptic  functions,  namely  to  facilitate,  by  the  tabulation  of 
these  functions,  the  numerical  solution  of  mathematical  and  physical  pro- 
blems. 

He  begins,  not  with  a  general  form  as  Lagrange  had  done,  but  with  the 

integraiyVl— c*sin*^«?f,  which  as  we  know  represents  an  elliptic  arc, 

and  shows  how  other  functions,  for  instance  the  value  of  the  hyperbolic  arc, 
may  be  expressed  by  means  of  It,  and  of  its  differential  coefficient  with  re« 
spect  to  the  eccentricity  c.  The  memoir  does  not  contain  much  that  is  now 
of  interest  After  writing  it  he  became  aware  of  the  existence  of  Landen*s 
researches ;  and  iii  a  second  memoir  appended  to  the  first  gave  a  demonstra- 
tion of  Landen's  principal  theorem.     This  demonstration  is  founded  oq 
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L^eodre's  ovo  methods,  and  he  deduces  from  it  the  renuurkable  coDcliuioD» 
that  if  of  a  series  of  dlipses,  whose  eccentricities  are  connected  by  a  certain 
kv,  we  couki  rectify  any  two,  we  could  deduce  from  hence  the  rectification 
of  all  the  rest.  The  law  connecting  the  eccentricities  of  the  ellipses  is  that 
vhich  wonid  be  obtained  by  making  use  of  Lagrange's  method  of  transfor- 
mation, with  which  accordingly  this  result  is  closely  allied. 

Legendre's  next  work  was  an  essay  on  transcendents  *,  presented  to  the 
Academy  in  1792  and  published  sepaoiitely  the  year  after.  It  contains  the 
sune  general  view  as  that  which  is  developed  in  the  first  volume  of  the 
'Exerdces  de  Calcul  Int^ral,'  which  appeared  in  1811. 

12.  The  theory  of  elliptic  functions,  as  it  is  presented  to  us  by  Legendre, 
nay  conveniently  be  considered  under  the  following  heads : — 

cE.  The  reduction  of  the  general  integral, 

Pdx 


f-i 


in  which  P  is  rational  to  three  standard  forms,  since  known  as  elliptic  inte- 
grals of  the  first,  second  and  third  kinds  t- 

This  classification,  though  the  reduction  of  the  general  integral  had,  as  we 
have  8een»  been  already  considered  by  Loigrange,  is  I  believe  entirely  due  to 
Legendre.  If  we  consider  how  much  it  has  facilitated  all  subsequent  re- 
s^rches,  we  can  hardly  over-rate  the  importance  of  the  step  thus  mad^  It 
oaj  almost  be  said  that  Legendre,  in  thus  showing  us  the  primary  forms  with 
vhich  the  theory  of  elliptic  integrals  is  conversant,  created  a  new  province 
of  analysis:  he  certainly  gave  unity  and  a  definite  form  to  the  whole  sub- 
ject 

For  the  three  species  of  functions  thus  recognised  Legendre  suggested  the 
names  of  tiame^  epinome  and  paranomej  the  name  of  the  first  being  derived 
&MQ  the  idea  that  it  involves,  so  to  speak,  the  law  on  which  the  Comparison 
of  elliptic  integrab  depends.  But  these  names  do  not  seem  felicitous,  nor 
We  tiiey  I  believe  been  adopted.  To  this  part  of  the  subject  an  important 
theorem  relating  to  the  reduction  of  elliptic  integrals  of  the  third  kind, 
whose  parameters  are  imaginary,  seems  naturally  to  belong. 

J3.  The  comparison  of  elliptic  integrals  of  the  same  form  differing  only 
is  the  value  of  the  variable,  or  as  it  is  often  called,  the  amplitude  of  each. 
This  part  of  the  subject  divides  itself  into  three  heads,  corresponding  to  the 
three  clssses  of  integrals.  The  fundamental  results  are  to  be  found  in  the 
fltemoirs  of  Euler,  of  which  we  have  already  spoken.  By  Legendre  how- 
ever they  were  more  fully  developed. 

It  b  interesting  to  observe  that  Legendre  suggested  that  the  discovery  of 

*  A  tmislatioii  of  it  appeared  in  Leybotime's  Mathematical  Repository,  vols.  iL  and  iii. 
The  anginal  I  have  not  seen— it  has  long  been  scarce, 
t  TbcK  three  foms  are 

I^geadre  always  replaces  or  by  sin  f,  so  that  the  integrals  become 

"^K  ndicd  ^1— c*sin*^  is  often  denoted  by  A, 

The  constant  e  is  eaUed  the  modubu\  the  second  constant  n  (in  the  third  kind)  is  called 
^ptramtier.  The  modulus  may  always  be  supposed  less  than  unity,  and  if  c>-  sin  i,  then 
' » the  fl^fe  ^/Ae  flMMMMff. 
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Euler  (namely  that  the  differential  equation  —7=5=^  H — TJr=\^  0  admiti  of 

an  algebraical  integral,/ (a;)  being  the  polynomial  «T/9a:+yaj*-f  *sc*-h««*) 

d  X 
might  be  generalised,  if  we   consider  the  differential  equation      /^\   i 
dy  dz  <Af) 

"^4//Y  \^  '"  +  fi/T(^\^  ^'  '  ^^  remarks  that  this  is  perhaps  the  only 

way  in  which  it  can  be  generalised. 

y.  Theorems  relating  to  the  comparison  of  different  kinds  of  elliptio  func- 
tions. One  of  the  most  remarkable  of  these  is  the  relation  between  the 
complete  integrals  (those,  namely,  in  which  the  variable  x  is  unity)  of  the 
first  and  second  kind,  Che  moduli  of  which  are  complementary ;  that  is,  the 
sum  of  the  squares  of  whose  moduli  is  equal  to  unity.  Legendre's  demonstra- 
tion of  it  is  rather  indirect,  but  many  others  have  been  since  given.  Another 
theorem  may  be  mentioned, — that  the  complete  integral  of  the  third  kind 
can  always  be  expressed  by  means  of  the  complete  integrals  of  the  first  and 
second.  A  third  and  most  important  result  shows  that  in  elliptic  integrals 
of  the  third  kind  we  may  distinguish  two  separate  species,  and  that  to  one 
or  other  of  these  anv  such  integral  may  be  reduced.  A  memorable  dis- 
covery of  M.  Jacobi  has  greatly  increased  the  importance  of  this  subdivision, 
of  which  we  shall  hereafter  speak  more  fully*  This  part  of  the  subject  is, 
I  imagine,  entirely  due  to  Legendre. 

^*  The  evaluation  of  elliptic  integrals  by  means  of  expansions. 

f.  The  method  of  successive  transformations.  The  idea  of  this  method 
originated,  as  we  have  teen»  with  Lagrange.  It  is  developed  at  great  length 
by  Legendre,  with  a  special  reference  to  the  modifications  required  in  apply* 
ing  it  to  the  different  species  of  integrals.  As  Lagrange  had  shown,  the 
series  of  transformed  integrals  extending  Indefinitely  both  wap  conducts  us, 
in  whichever  direotion  we  follow  it,  towards  a  transcendent  of  a  lower  kind 
than  an  oUiptic  integral,  or  in  other  words,  towards  a  logarithmic  or  circular 
integral.  There  are  thus  two  modes  of  approximation,  one  of  which  depends 
on  a  series  of  integrals  with  increasing  moduli,  and  the  other  on  a  series 
whose  moduli  decrease.  Thus  for  the  three  species  of  integrals  there  will 
be  in  all  six  approximative  processes  to  be  considered.  In  the  case  of  the 
elliptic  integral  of  the  third  kindi  we  have  to  determino  the  law  of  formation 
of  the  successive  parameters  n,  n',  &c. 

(.  Reductions  of  transcendents  not  Contained  in  the  general  formula 

V'  ^iTa/V-^J)  ^^  ®^"^^^  integrals. 

iy.    Lutly,  applications  to  various  mechanical  and  geometrical  problems. 

This  analysis,  however  slieht,  will  give  an  idea  of  the  contents  of  that  part 
of  the  «£xercice8  de  Calcut  Int6grar  which  relates  to  elliptio  functions.  In 
the  third  volume  there  are  tables  for  facilitating  the  calculation  of  integrals 
of  the  first  and  second  kind :  they  are  accompanied  with  an  explanation  of 
the  manner  in  which  they  were  constructed.  #^he  ninth  table  11  one  with 
double  entr)*,  the  two  arguments  being  the  angle  of  the  modulus  and  the 
amplitude. 

13.  In  1825  Legendre  presented  to  the  Academic  des  Sciences  the  first 
volume  of  his  *  Trait6  des  Fonctions  EUiptiques.'  A  great  part  of  this  work 
is  precisely  the  same  as  the  '  Exercices  de  Calcul  Integral.'  By  far  the  most 
important  addition  to  the  theory  of  elliptic  functions  consists  in  the  disco- 
verv  of  a  new  system  of  successive  transformations  quite  distinct  from  that 
of  l^range. 
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In  the  esrlier  work  Legendre  had  shown  that  acertaia  transcendent  might 
be  expressed  in  two  ways  by  means  of  elliptio  integrals  of  the  first  kind. 
Comparing  the  two  results,  he  obtained  a  very  simple  relation  between  the 
twodliptic  integrals.  Their  moduli  are  complementary  (  while  the  ratio  of 
the  A*s  in  the  two  integrals  can  be  expressed  rationally  in  terms  of  the  sine 
of  the  amplitude  of  one.  This  oiroumstanoe  seems  to  have  suggested  to  Le« 
gendre  the  possibility  of  generalbing  the  result.  He  acoordingly  assumed  a 
rektion  between  the  amplitudes  of  two  integrals,  of  which  the  equation  sub- 
niting  in  the  theorem  of  which  we  have  be^  speaking  is  a  particular  case  i 
and  showed  from  hence  that  a  simple  relation  perfectly  similar  to  that  which 
he  had  obtained  in  the  particular  instance  existed  between  the  two  integralsf 
viz.  that  they  bore  to  each  other  a  ratio  independent  of  their  amplitudes. 
Their  moduli  are  connected  by  an  algebraical  equation,  but  are  not  comple- 
mentary. This  circumstance  therefore  now  appeared  to  be  unessential* 
though  in  the  *  £xerctces'  the  investigation  is  introduced  for  the  sake  of  ex« 
hibiting  a  case  in  which  an  integral  may  be  transformed  into  another  with  a 
complementary  modulus* 

L^ndre  thus  obtained  a  new  kind  of  transformation,  which  might  be  re* 
peated  any  number  of  times  or  combined  in  an  infinite  variety  of  ways  with 
that  of  Lagrange.  To  illustrate  this  he  constructed  a  kind  of  table — a  *'  da^* 
mier  aoalytique."  In  the  central  cell  b  placed  the  original  modulus  c.  All  the 
modali  contained  in  the  same  horizontal  row  are  derivable  from  one  another 
by  Lagrange's  Scale  of  moduli ;  those  in  each  irertical  row  by  the  newly« 
discovered  scale.  He  seems  to  have  been  very  much  struck  by  the.  infinite 
variety  of  transformations  of  which  elliptic  integrals  admit.  The  integral  of 
the  first  kind  b  especially  remarkablei  because  of  the  simplicity  of  the  rela* 
tion  whieh  connects  it  with  any  of  its  transformations!  via.  that  their  ratio  ii 
independent  of  the  amplitudes. 

Legendre'a  seoond  work  waa^  as  we  have  remarked,  presented  to  the  Aea^^ 
demy  in  1825,  but  it  was  not  published  till  18^27*  In  the  summer  of  I8ft7 
M.  Jaoobi  aonounoed  in  Schumacher's  '  Astronomischen  Nachrichten,'  Not 
123,  that  he  was  in  possession  of  a  general  method  of  transformation  for 
elliptio  integrals  of  the  first  kind*  He  was  not  acquainted  with  L^endre's 
discoveijr  of  a  new  scale,  and  as  an  illustration  of  the  general  theorem  gave 
two  cases  of  ity  the  first  being  equivalent  to  Legendre*s  method  of  transform 
matioii.  Tlius  much  was  announced  in  a  letter  to  M.  Sohumacher,  dated 
Jons  19th  I  but  in  one  of  a  later  date  (August  Snd)  he  gave  a  formal 
SDuneiatioti  of  his  theorem^  but  without  demonstration*  The  two  oommu- 
nicattons  appear  consecutively  ( Ast.  Nach.  vi»  p.  8S)* 

In  No*  1^  of  the  Naohrichten^  vi.  p.  Iddy  M.  Jaoobi  gave  a  demonstra* 
tion  of  his  theorem. 

If  we  oan  so  determine  ff  in  the  terms  of  «  as  to  satisfy  the  difibrential 
equation 

it  is  manifest  that  we  shall  have  (F  denoting  the  elliptic  integral  of  the  first 
kiDd)F(iis;)=«MF(Xy),  provided  that  y  and  m  vanish  together.  The 
question  therefore  is,  how  may  the  difierential  equation  be  satisfied)  for  it  Is 
clear  that  by  means  of  a  solution  of  it  we  trantform  the  elliptic  integral 
F(t  x)  into  another,  viz.  into  F  (Xy). 

M.  Jacobi  shows  that  if  ^  be  equal  to  ^,  U  and  V  being  integral  funo* 
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of  X,  the  differential  equation  will  be  satisfied,  provided  U  and  V  fulfil 
two  general  conditions,  the  second  of  which  is  found  to  be  deducible  from 
die  first.  He  then  makes  an  assumption  which  is  equivalent  to  assigning 
particular  forms  to  U  and  V,  and  thence  shows,  by  a  most  ingenious  method, 
tkat  these  forms  of  U  and  V  are  such  as  to  fulfil  the  first  of  the  required  condi- 
tions, which,  as  has  been  said,  implies  the  other.  He  thus  verifies,  d  po$to* 
rsori,  the  assumed  value  of  the  function  y. 

In  proving  that  the  forms  assigned  for  U  and  V  have  the  required  pro- 
perty, it  is  necessary  to  pass  from  an  expression  of  the  value  of  1  —y  in  terms 
of  X  to  one  of  1—  Xy  in  terms  of  the  same  quantity.  This  is  done  by 
means  of  a  remarkable  proper^  of  the  functions  U  and  V,  namely,  that  if 

in  both  X  be  replaced  by  ^-^  ^f^xy  will  (the  constants  being  properly  ad- 

V         1 
justed)  become  -yy  or  — •  Therefore,  in  any  form  in  which  the  relation  con- 

necting  y  and  x  can  be  put,  we  may  replace  x  by  ?— ,  provided  we  at  the 

•  nX 

same  time  replace  y  by  — •    This  has  been  called  the  principle  of  double 

substitution,  and  by  means  of  it  we  pass  from  the  expression  of  1  — y  to  that 
of  1  ^  — ,  and  thence  obtain  that  of  1  ^  A  y.    It  is  to  be  observed  that 

this  principle  is  used  merely  to  prove  a  certain  property  of  the  functions 

U  and  V.    Of  course,  as  the  change  of  x  into  ^-^  implies  that  of  y  into  — 

°  kx     ^  ^         Ay 

in  the  finite  relation  between  these  quantities,  the  same  thing  will  be  true  in 
the  differential  equation  by  which  they  are  connected,  a  remark  which  may 
very  easily  be  venfied.  But,  on  the  other  hand,  it  by  no  means  follows  that 
because  it  b  true  in  the  differential  equation  therefore  any  assumed  finite 
relation  between  y  and  x  having  this  property  is  the  integral  required.  The 
property  in  question  therefore  does  not  enable  us  to  verify  any  assumed 
value  of  y. 

This  remark  has  reference  to  a  communication  from  L^endre  which  ap- 
pears in  No.  ISO  of  Schumacher's  Nachrichten,  vi.  p.  201.  In  it  he  gives 
an  accounfof  M.  Jaoobi's  researches,  and  an  outline  of  the  demonstration  of 
which  we  have  been  speaking.  I  find  it  impossible  to  avoid  the  conclusion 
that  tills  great  mathematician  mbtook  the  character  of  the  demonstration  in 
question,  and  that  to  him  it  appeared  to  be  in  effect  a  mere  verification  of 
the  assumed  value  of  y  by  means  of  the  principle  of  double  substitution. 
He  remarks  that  the  direct  substitution  of  the  value  of  y  in  the  differential 
equation  is  impracticable,  but  that  M.  Jacobi  had  avoided  this  substitution 
by  means  of  "  une  propri^t^  particulidre  de  cette  Equation  qui  doit  6tre  com- 
mune aux  int^grales  qui  la  r^r^ntent.**  This  property  is  the  principle  of 
double  substitution ;  and  after  showing  that  it  is  true  of  the  differential 
equation,  the  writer  proceeds  thus :  '<  Ce  principe  une  fois  pos6,  rien  n'est 

U 
plus  facile  que  de  verifier  T^quation  trouv^  y  =:  =^,  car  par  la  double  sub- 
stitution on  obtient  la  mtoe  valeur  de  y  i  un  coefficient  pr&  qui  doit  dtre 
^al  &  Tunit^;**  and,  after  a  remark  to  our  present  purpose  immaterial,  con- 
cludes, ^  Ainsi  se  trouve  d^montrfe  g6n^ralement  T^quation  y  =  ^  ainsi 

que,  etc.'* 

As  we  have  seen,  such  a  verification  would  be  wholly  inconclusive,  nor  is 
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the  CMcntial  poiDt  of  M.  Jacobrs  reasoning,  namel  j,  tbat  the  aiBamed  forms 
of  U  and  V  satisf  j  the  general  condition,  laid  down  at  the  oatset  of  his  de- 
moiKtratioii,  here  adverted  to. 

In  1828  Legendre  published  the  first  supplement  to  the  *  Trait^  des  Fonc- 
tioDs  ^iptiques,'  &c  It  contains  an  account  of  the  researches  of  M. 
Jicobi,  and  of  a  memoir  by  Abel  inserted  in  the  third  volume  of  Crelle's 
JoamaL  The  account  here  given  of  M.  Jacobi's  demonstration  is  fuller  and 
more  explicit  than  that  already  noticed.  It  leaves,  I  think,  no  doubt  of  the 
error  into  which  Legendre  had  fallen.  No  notice  whatever  is  taken  of  the 
fint  part  of  M.  Jacobi's  reasoning :  and  after  remarking  that  the  differential 
equation  is  satisfied  when  the  double  substitution  is  made,  he  goes  on,  **  Tout 

Be  reduit  done  k  faire  cette  double  substitution  dans  Tint^grale  y  =:  ~  —.  et 

a  examiner  si  elle  est  satisfaite."     After  showing  that  it  is  so,  he  adds,  *'Par 

*  U 
ce  proeM6  tr^  simple  11  est  constat^  que  T^quation  y  =:  >--^  satisfait . .  • .  • 

il'eqnation  diff§rentielle  dont  Tint^grale  estT  (A  f  )^fi  F  (A  tfr),  etc"  (Trait, 
des  Fonct.  £IL,  iii.  p.  10). 

Legendre  remariLS,  that  although  M.  Jacobi's  demonstration  rests  on  ^  un 
principe  incontestable  et  tr^  inglnieux,"  it  is  still  desirable  to  have  another 
Terification  of  so  important  a  theorem.  He  accordingly  gives  an  original 
demonstration  of  it,  which  is  however  more  nearly  allied  to  M.  Jacobi's  than 
to  him  it  seemed  to  be.  This  demonstration  had  already  been  hinted  at  in 
kis  conununication  to  the  Nachrichten.  The  principal  difference  is,  that 
while  M.  Jacobi  proved  generally  that  if  the  first  of  the  two  required  condi- 
tions were  satisfied,  the  second  would  also  be  so,  and  then  showed  that  the 
forms  assigned  to  U  and  V  satisfied  the  first  condition  ;  Legendre  shows  the 
assigned  forms  are  such  as  to  satisfy  both  conditions,  on  the  connection  be- 
tween which  it  is  therefore  unnecessary  for  him  to^welL  In  the  third  sup- 
lament  to  the  '  Trait6  des  Fqnctions  EUiptiques,  Legendre  has  given  an- 
other demonstration  of  M.  Jacobi's  theorem,  remarking  that  it  is  both  more 
rigorous  and  more  like  M.  Jacobi's  than  that  which  he  had  first  given.  I 
have  thought  it  necessary  to  make  these  remarks,  because  it  has  been  said 
that  it  was  in  the  supplements  to  Legendre's  work  that  the  demonstration  of 
this  theorem  received  ''le  dernier  degr^  de  rigueur***. 

14w  In  1829  M •  Jacobi's  great  work  on  elliptic  functions,  the  *  Fundamenta 
Nova  Theorifls  Functionum  Ellipticarum,'  was  published  at  Koenigsberg.  It 
eontaiDS  his  researches  not  merely  on  the  theory  of  transformation,  but  also 
with  respect  to  other  parts  of  the  subject  But  the  great  problem  of  trans- 
formation is  the  fundamental  idea  of  the  whole  work ;  the  other  parts  are 
subcMtiinate  to  it,  or  at  least  derived  from  it.  The  subject  is  treated  with 
great  fulness  of  illustration  and  in  a  manner  not  unlike  that  of  Euler. 

M.  Jacobi  begins  by  considering  the  possibility  of  transforming  the  ge- 
neral transcendent  whose  differential  coefficient  is  unity  divided  by  the  square 
root  of  a  polynomial  of  the  fourth  degree.  Subsequently,  having  shown  that 
this  transcendent  may  be  transformed  by  introducing  a  new  variable  y  equal 
to  the  quotient  of  two  integral  functions  of  or,  and  also  that  the  general 

transcendent  may  be  reduced  to  one  of  the  form  /    .  .,     — ~  .  ^     ., 

*/  V  (1  —  y«)  (1  —  X*y«) 

he  proceeds  to  consider  the  latter  in  detail. 

The  first  step  of  this  reasoning,  viz.  the  possibility  of  the  transfonnation, 

depends  on  a  comparison  of  the  number  of  the  deposable  quantities  in  the 

*  VerholBt,  Traits  Bldmentaire  des  Fonctions  ElUptiqaes. 

i84e.  B 
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aasttmed  value  of  y  with  that  of  the  conditions  required,  in  order  that  the 
quantity  under  the  radical  in  the  transformed  expression  may  be  equal  to 
the  square  of  an  integral  function  of  x  multiplied  by  four  unequal  linear 
factors.  It  is  shown  that  the  number  of  disposable  quantities  exceeds  by 
three  that  of  the  required  conditions.  But,  as  Poisson  has  remarked  in  the 
report  already  mentioned  (Mem.  de  Tlnstitut.  x.  p.  87),  and  as  M.  Jaoobi 
himself  intimates,  this  does  not  amount  to  an  absolute  d  prion  proof  of  the 
possibility  of  the  transformation ;  non  constat  but  that  some  of  these  condi* 
ttons  may  be  incompatible. 

Granting  however  the  possibility  of  putting  the  quantity  under  the  radical 
in  the  required  form,  it  is  shown,  as  in  Schumacher's  Journal,  that  this 
condition  is  not  only  necessary  but  also  sufficient,  or,  in  other  words,  that  it 
involves  the  secqnd  condition  already  mentioned. 

Tke  transcendent  A,        ,ff,        ,,,n.ay  be  tra„.fom«l  by  as- 

J  i/(l  -1^«)  (1  -  AV) 

sumlng  y  =  «>,  U  being  composed  wholly  of  odd  powers  of  Xf  and  V  of  even 

powers  of  it.  If  the  degree  of  U  be  greater  than  that  of  V,  the  transfonni^ 
tion  is  said  to  be  of  an  odd  order,  and  of  an  even  order  in  the  contrary 


This  being  premised,  M.  Jacobi  discusses  the  particular  eases  of  the  trans- 
formations of  the  third  and  of  the  fifth  order.  The  first  is  the  same  as  that 
of  Legendre.    It  is  shown  that  if  we  put 


where  u  and  v  are  constants  connected  by  the  following  equation—- 

«♦  — r*  +  2f« »  {1 —«««»}=:  0, 

we  shall  get 

dp V  +  2  u*  dx 

in  which  A  =  k^  and  A  s=  trS   The  equation  connecting  u  and  r  is  called  the 
modular  equation. 

The  **  principle  of  double  sabstitiition''  may  be  iUnstrsted  by  writing  — = — 

for  m  in  the  expression  for  y^  which  then  becomes,  according  to  the  principle 

1 

in  question, . 

If  \f^  seelL  to  show  that  tiw  assigned  value  of  y  actnally  satisfies  the  dtf- 
jiereotial  eqaatioa  just  stated,  we  begin  by  finding  the  value  of  1  —  y.  Re- 
dacsng  this  value  l^  means  of  tiie  equation  between  «  and  «» we  can  pat  it  an 

the  form  (1  ~  x)  -=^,  R  being  an  integral  function  of  x  and  V,  as  heretofore 

the  denominator  of  the  expression  for  jr.    The  value  of  1  +  jf  Is  hence  got 

by  changing  the  sign  of  or,  while  that  of  1  —  v^y  is  obtained  by  simultane- 
ously replacing  x  and  y  respectively  by and and  reducing.     Simi- 

lariy  for  I  -h  r*y.    Hence  it  will  appear  that 

(i-y')0-«^V)=0-«')0-«^*')|J.  •  -  •  (fit.) 
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When  8,  like  R,  ia  int^raL   By  diflbrentiating  and  redaeing.  we  thea  *bow 

and  eombiniiig  these  two  results  obtain  the  required  verifiGation. 

The  essence  ol  M.  Jaoobi's  demonstration  consifti  in  showing  that  if  the 
nine  of  y  in  terms  of  « is  sueh  that  an  equation  of  the  t^m  (a*)  subsists, 
thenneee-arily  ^  S        .^, 

where  fn  is  a  constant ;  the  existence  of  the  two  equations  (a.)  and  (/3.)  being 
eqniTalent  to  the  two  conditions  of  which  we  have  already  spoken  (p.  48). 
Iq  the  particular  case  we  are  now  considering, 

ffr  =  --!: . 

V 

li.  After  considering  the  transformation  of  the  fifth  order  (in  whioh  the 
modular  equation  is 

«•  —  »•  + 5 1««I7«  {««  —  !?«}  +4««»{1  —  !!««•}  =0), 

M.  Jaoobi  prepares  the  waj  for  a  more  general  investigation  by  introducing 
a  new  notation.    This  step  is  one  of  the  highest  importance.   We  have  been 

PP  dp 

in  the  habit  of  calling  f  the  amplitude  of  the  integral  I       .        a»  •  9m 


let  tins  integral  be  called  «.    The  new  notation  is  contained  in  the  equation 

p»  dx 

^  =  am  «;  or  if  we  call  sin  ^,  x,  so  that  u  =  /       ,^    —  jtWi  ^i»^V 

then  X  =  sin  am  ti. 

A  new  notation  b  in  itself  merely  a  matter  of  convenience :  what  gives  it 
importance  is  its  symbolizing  a  new  mode  of  considering  any  subject.  We 
had  hitherto  been  accustomed  to  look  on  the  value  of  the  elliptic  integral  as 
a  function  of  its  amplitude,  to  make  the  amplitude  (if  the  expression  may  so 
be  used}  the  independent  variable.  But  in  reality  a  contrary  course  is  on 
many  accounts  to  he  preferred.  We  have  in  the  more  advanced  part  of  the 
theory  more  frequently  occasion  to  consider  the  value  of  the  amplitude  as 
determined  by  the  corresponding  value  of  the  integral  than  vice  versd ;  and 
It  therefore  becomes  expedient  to  frame  a  notation  by  which  the  amplitude 
may  be  expressed  as  a  function  of  the  integral.  In  a  paper  in  the  ninth  vo- 
lame  of  Cfrelle's  Journal  by  M.  Jacobi,  which,  like  many  of  his  vrritings, 
contains  in  a  short  compass  a  philosophical  view  of  a  wide  subject,  he  has 
sade  use  of  the  analogy  between  circular  and  elliptic  functions  to  illustrate 
the  importance  of  the  new  notation  for  the  latter.  When  the  modulus  of  an 
elliptic  intend  of  the  firet  kind  is  equal  to  aero,  the  integral  becomes 

^  which,  as  we  know,  is  equal  to  the  arc  whose  sine  is  s,  or  to 


/ 


gn~>x.  Now  this  is  a  function  which  we  have  much  less  often  occa- 
^on  to  express  than  its  inverse  sin  x,  and  we  accordingly  always  look  on  the 
latter  as  a  direety  and  on  the  former  as  an  inverse  function.  Yet  in  the  case 
of  elliptic  functions,  the  functional  dependence  for  which  we  had  an  explicit 
aad  recognised  notation,  viz.  that  of  the  integral  on  the  amplitude,  corre- 
spoods  to  that  which  in  circular  functions  has  always  and  almost  necessarily 
heen  treated  merely  as  an  inverse  function.  The  origin  of  this  discrepancy 
is  ohrioos ;  our  knowledge  of  the  nature  of  circular  functions  is  not  derived 

b2 
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from  the  algebraical  integrals  connected  with  thein»  and  therefore  theae  in- 
tegrab  are  not  brought  bo  much  into  view  as  in  the  theory  of  elliptic  func- 
tions the  corresponding  integrals  necessarily  are ;  but  it  is  certain  that  while 
the  discrepancy  continued  to  exist  the  subject  could  never  be  fully  or  satia- 
factorily  developed*  The  maxim  **  verba  vestigia  mentis"  is  as  true  of  ma- 
thematical symbols  as  of  the  elements  of  ordinary  language. 

We  shall  see  h^^fler  that  Abel  took  the  same  step  in  his  fint  essay  od 
elliptic  functions.  At  present  I  shall  only  remark,  that  one  of  the  eariiest 
consequences  of  the  new  notation  was  the  recognition  of  a  most  important 
principle,  viz.  that  the  "inverse  function"  sinamu^  that  is,  the  function 
corresponding  to  sin  u  in  circular  functions,  is  doubly  periodic,  or  that  it  re* 
tains  the  same  value  when  u  increases  by  any  multiple  either  of  a  certain 
real  or  of  a  certain  imaginary  quantity.  Now  M.  Jacobi  has  shown  that  no 
function  *  can  be  triply  periodic,  and  therefore  these  inverse  functions  pos- 
sess the  most  general  kind  possible  6f  periodicity,  a  property  which  gives 
them  great  analytical  importance. 

Following  M.  Jacobi,  we  shall  henceforth  give  the  name  of  elliptic  func- 
tions to  those  which  are  analogous  to  circular  functions.  It  is  on  this  ac- 
count better  to  call  Legendre's  functions  elliptic  integrals  than,  as  he  has 
done,  elliptic  functions  (vide  atUe^  p.  44). 

By  the  new  notation  we  are  led  to  consider  a  great  variety  of  formute 
analogous  to  those  of  ordinary  trigonometry.  The  sine  or  cosine  of  the  am- 
plitude of  the  sum  of  two  quantities  may  be  expressed  in  terms  of  the  sines 
and  cosines  of  the  amplitudes  of  each,  &c.f;  and  we  have  only  to  make  the 
modulus  equal  to  zero  to  pass  from  what  has  sometimes,  though  not  with 
much  propriety,  been  called  elliptic  trigonometry  to  the  common  properties 
of  circular  functions. 

M.  Jacobi  gives  a  table  of.  formulae  relating  to  the  new  elliptic  functions, 
and  proceeds  to  apply  their  properties  to  the  problem  of  transformation.  It 
was  in  this  manner  that  he  had  treated  the  problem  in  the  Nachrichten.  As 

*  i.  ff.  no  fonction  of  one  variable, 
f  The  fbiidamental  formnhe 


,    .    V      smamnoosamvAamv-l-tinamtrcotamiiAatnii 
Bn  am  in  +  w)  •■  . . ,  .  ,   .  ^  ; 

,    ,    V     cot  am  «  cot  am  9  ^  sin  am  «  sin  am  9  A  am  «  A  am  9 
CO.  •«(«  +  .) |-i»ritf«n«d,»«n.. « 

,    .     V      AamiiAamv~A*8inamii8inamvcoBam«icotam9 

A  am  («  +  v)  ■■  • 5 jA  .  o .  4  ; 

^    '    '  1  —  iPsm'amuBm'amv  • 

k  bebg  the  modoliif,  and  A  am  «  —  Vl  —  A»im«am«.    If 

K  . /^^_J|==  and  K' - /^S=^==. 

where  ^-^tf^—h  then  it  may  be  ahown  that 

lin  am  («  +  ^  K)  *  *in  am  «, 
and 

nn  am  (« -f  2K'  V^)  »  tin  am  «, 

to  that  4  Ma  the  rco/ and  2K'  VZl  the  tsuvmaiy  period  of  Bin  am  «.    Hence  it  is  oh- 
vious  that  we  shall  have  generaUy 

ainam(ii  +  4iMK  +  2iiK' \^^)  »  ainamn, 
m  and  •  being  any  integers. 


ON  THE  RBCBKT  PROO&K8S  OF  ANALYSIS.  5S 


to  his  eaiiier  eaaajf  h^  aasDines  y  equal  to  a  rational  function  of  x,  whose 
ooefficieDta  are  eliiptiis  functions,  and  shows  that  this  assamption  satisfies  the 
differential  equation  already  mentioned.  It  may  be  asked  what  is  gained  by 
the  introduction  of  elliptic  functions  into  a  problem  of  which,  as  we  hare 
seen,  particular  cases  (e.^.  the  transformations  of  the  third  and  fifth  order) 
can  be  solved  by  algebraical  considerations.  The  answer  is,  that  the  pro- 
perties of  these  functions  enable  us  to  transform  the  assumed  relation  between 
y  and  x  in  a  manner  which  would  otherwise  be  impracticable.  It  is  con- 
ceivable that  any  particular  case  might  be  solved  by  mere  algebra,  but  it 
does  not  seem  possible  to  discover  in  this  way  a  general  theorem  for  trans- 
fonnations  of  all  orden,  and  practically  the  labour  of  obtaining  the  formulae 
for  the  transformation  of  any  high  order  would  be  intolerable. 

Having  proved  the  theorem  for  transformation  in  nearly  the  same  manner 
as  he  had  already  done,  M.  Jacobi  developes  the  demonstration  which,  as 
we  have  said,  L^endre  hinted  at  in  No.  ISO  of  Schumacher's  Journal. 

He  then  proceeds  to  consider  the  various  transformations  of  any  given 
Older.  We  have  seen  that  the  modular  equation  for  those  of  the  third  order 
rises  to  the  fourth  degree,  that  is  to  say,  for  a  given  value  of  the  modulus  of 
the  original  integral  four  new  moduli  exist,  corresponding  to  four  new  in- 
tegrals, into  which  the  given  one  may  be  transformed.  These  four  trans- 
formations are  all  included  in  the  general  formula  for  the  third  order ;  but 
it  is  to  be  remarked  that  in  general  only  two  of  the  roots  of  the  modular 
equation  are  reaL  Thus  there  are  two  real  transformations  and  no  more. 
The  same  thing  is  true,  muiatis  mutandis^  of  the  transformations  of  any 
prime  order  (to  which  M.  Jacobi*s  attention  is  chiefly  directed),  that  is  to 
say,  there  will  be  n  -f  I  transformations  of  the  nth  order,  n  —  1  of  which 
are  imaginary.  The  two  real  transformations  are  called  the  first  and  the  se- 
cond ;  the  second  is  sometimes  called  the  impossible  transformation,  because 
it  presents  itself  in  an  imaginary  form*.  Of  the  formulae  connected  with 
these  two  transformations  M.  Jacobi  gives  copious  tables. 

He  next  shows,  in  a  very  remarkable  manner,  that,  corresponding  to  a 
transformation  in  which  we  pass  from  a  modulus  A  to  a  modulus  K,  there 
exists  another,  whose  formulflB  are  derivable  from  those  of  the  former,  in 

which  we  pass  from  a  modulus  i/l  —  A^  to  a  modulus  Vl  --  XS  or  which 
connects  moduli  complementary  to  X  and  k.  The  latter  is  accordingly  called, 
with  reference  to  the  former,  the  complementary  transformation.  The  first 
real  transformation  of  k  corresponds  to  the  second  real  transformation 
V^l  — A*,  and  mce  versd. 

The  next  theorem  which  M.  Jacobi  demonstrates  is  not  less  remarkable. 
It  IS  that  the  combination  of  the  first  and  second  real  transformations  gives 
a  formnla  for  the  multiplication  of  the  original  integral,  or,  in  other  words, 
that  the  modulus  of  the  integral  which  results  from  this  double  transforma- 
tion is  the  same  as  that  of  the  original  integral,  so  that  the  two  integrals 
differ  only  in  their  amplitudes.  Of  this  theorem  he  had  in  the  earlier  part 
of  the  work  proved  some  particular  cases  t« 

*  llr.  Bronwin,  in  the  Cambridge  Mathematical  Journal  and  in  the  PhiL  Mag.,  has 
made  tame  objections  to  this  trantfonnation ;  but  from  a  correspondence  which  I  have  re- 
eeatlj  bad  witii  him,  I  believe  I  am  justified  in  stating  that  he  does  not  object  either  to  M. 
Jaeobi's  result  or  to  the  logical  correctness  of  his  reasoning,  but  only  to  the  form  in  which 
the  remit  is  exhibited. 

t  It  may  be  shown  that  if  we  pass  from  it  to  X  by  the  first  trausformation,  we  can  pass 

from  Vl  — A*  to  Vl  —  i'  also  by  the  first  transformation.  Also,  as  has  been  said,  we 
iean  from  the  transfonnation  {it  to  jl}  a  transformation  {  Vl  —  i*  to  Vl  —  A>},  and 
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After  fally  dereloping  this  part  of  the  subject,  he  taext  treats  of  the  nature 
of  the  modular  equation^  aud  shows  that  it  possesses  several  remarkable 
properties.  One  is,  that  all  modular  equations,  of  whatever  order,  are  par* 
ticular  integrals  of  a  differential  equation  of  the  third  order,  of  which  the 
general  integral  can  be  expressed  by  means  of  elliptic  transcendents* 

16*  We  now  enter  on  the  second  great  division  of  M.  Jacobi*s  researches, 
the  evolution  of  elliptic  functions. 

The  evolution  of  elliptic  functions  into  continued  products  with  an  infinite 
number  of  factors  presents  itself  as  the  limit  towards  which  M.  Jacobi's 
theorem  for  the  transformation  of  the  nth  order  tends  as  ti  increases  sine 
Umite.  It  is  for  this  reason  that  we  may  look  on  the  problem  of  transformap 
tion  as  the  leading  idea  in  M.  Jacobi's  researches. 

We  may  in  some  degree  illustrate  these  evolutions  by  a  reference  to  cir- 
cular functions.  A  sine  is,  as  we  know,  an  elliptic  function  whose  modulus 
is  zero.  Now  if  k  is  zero,  A  is  also  zero.  Thus  if  we  apply  a  formula  of 
transformation  to  a  sine,  we  shall  be  led  to  another  sine  either  of  the  same 
or  of  a  multiple  arc.  Accordingly  the  first  real  transformation  degenerates 
in  the  case  in  question  into  the  known  formula  for  the  sine  of  a  multiple 
arc ;  while  the  secondf  leading  us  merely  to  the  siae  of  the  same  arc,  becomes 
illusory.  Thus  in  the  case  of  a  sine,  transformation  is  merely  multipUcation  ; 
but  from  the  formula  for  multiplication,  viz. 

sm  (2 111+ 1)  0=(2  01+1)  sm  S, 


sin«— ::ir^  I         I         sin 
dim 

we  at  once  deducci  by  making  (2  ss  +  1)  t  ss  ^  and  2  m  +  1  infinite,  the 
oonunon  formula 


fee 


•^♦='0-S)('-.^) 


This  then  is  a  formula  of  evolution  deduced  from  the  first  real  transfor- 
mation. It  is  however  only  when  k  is  zero  that  the  first  transformation  will 
give  such  a  formula.  In  all  other  cases  it  is,  for  a  reason  which  we  cannot 
here  enter  on,  impossible  to  derive  from  it  a  formula  of  this  kind.  M.  Jacobi's 
formulsB  are  accordingly  derived  from  the  second  real  transformation,  and 
therefore  are  illusory  when  k  is  zero,  or  for  the  case  of  the  sine.  There  is 
nothing  therefore  strictly  analogous  to  them  in  the  theory  of  angular  sections. 
By  means  of  them  we  express  the  function  sin  am  x  in  terms  of  sin  m  «,  tit 
being  a  certain  constant. 

From  the  fundamental  expressions  In  continued  products,  of  which  there 
are  three,  many  important  theorems  may  be  derived.  This  part  of  the  sub* 
ject  seems  to  admit  of  almost  infinite  increase,  and  it  is  difficult  to  give  any- 
general  view  of  it    I  may,  however,  mention  a  remarkable  transcendental 

rimilsrly  from  {  Vl  -  x»  to  VT^Tp}  a  transfonnatioii  {x  to  k).    The  fint  and  last  of 
these  transformations  correspond  respectively  to  the  differential  equations — 

dy l^ dx 

'^(1-I^Tl-^V)  "  M  V(l  -  ««)  (1  -  i*4i»)' 
dm"  I  dy 


Hence,  combining  these  equations  and  integrating, 
and  it  nay  also  he  shown  that  TTTp  is  an  integer. 


ON  THB  ESCSNT  PAOOEB88  OF  ANALYSIS.         55 

fnoetioii  of  the  modulus  k  which  is  usually  denoted  hj  g^  and  which  ooours 
perpetually  in  this  part  of  the  theory  of  elliptic  functions.  If  for  the  moment 
we  denote  this  function  by  F  Ai  so  that  ^  =  F  A>  then  if  for  k  we  write  k^ 
wbkh  we  suppose  to  represent  the  modulus  of  the  firit  real  transformation 
of  the  nth  order,  we  find  that  ^  =  F  A^  so  that  if  g^  is  the  same  function  of 
i.  that  9  is  of  A 

g.^g\ 

This  singular  property,  and  others  of  an  analogous  character,  are  of  great 
nae  in  establishing  various  formula  *. 

Before  discussing  the  evolution  of  integrals  of  the  third  kind,  M.  Jacobi 
hss  premised  some  important  theorems.  He  proves  that  the  elliptic  integral 
of  the  third  kind,  though  it  involves  three  elements,  viz*  the  amplitude,  the 
modulus  and  the'parameter,  can  yet  be  expressed  in  terms  of  other  quantities 
severally  involving  but  two.  In  order  to  this  we  introduce  either  a  new  trans- 
cendent f  or  a  definite  elliptic  integral  of  the  third  kind,  whose  amplitude  is  a 
oertsin  function  of  its  modulus  and  parameter.  It  is  almost  impossible  to 
tabulate  the  values  of  a  Ainetion  of  three  elements,  on  account  of  the  enormous 
bulk  of  a  table  with  tr^)le  entry ;  we  therefore  see  the  importance  of  the  step 
thus  made.  M.  Jacobi  announced  this  discovery  as  generally  true  of  elliptic 
integrals  of  the  third  kind,  but  his  demonstration  applies  to  that  subdivision 
already  mentioned,  which  was  desienated  by  Legendre  <*  Fonctions  du  troi- 
•idme  ordre  4  parametre  logarithmique,"  and  not  to  functions  **  a  parametre 
eiranhdre  X."  It  is  probable  that  this  limitation  was  in  M .  Jacobi's  mind,  but 
he  does  not  seem  to  have  expressed  it  Further  on,  in  the  *  Fundamenta 
Nova,'  we  find  another  mode  of  expressing  integrals  of  the  third  kind  in 
terms  of  functions  of  two  elements,  but  this  method  also  applies  only  to 
*'  fonctions  du  troisidme  ordre  i  parametre  logarithmique,"  the  two  methods 
being  in  fact  closely  allied. 

L^ndre  appreciated  the  importance  of  this  discovery  of  M.  Jacobi.  He 
speaks  of  it  in  a  letter  to  Abel,  as  a  ^'  dicouverte  majeure,"  but  adds  that 
his  attempts  to  extend  M.  Jaeobi's  demonstration  to  the  other  class  of  into* 
grals  of  the  third  kind  had  been  unsoceessiiil.  The  same  remarks  occur  in 
his  second  supplement  (Trait6  des  Fonct  ElU  Hi-  p- 141).  The  distinction 
thus  made  between  the  two  classes  of  integrals  of  the  third  kind  appeared 
to  Legendre  sufiicient  to  make  it  desirable  to  recognise  in  all  four  classes  of 
elliptic  integrals,  so  as  to  make  the  division  between  the  two  species  of  the 
third  class  coordinate  with  that  between  either  and  the  first  or  second. 
Legendre  says  explicitly  that  M.  Jacobi  had  announced,  in  making  known 
his  discovery,  that  it  applied  to  functions  '<  i  parametre  circulaire.*'    This 

*  A  method  of  calenlatiDg  elliptic  integrals  by  mesns  of  g  was  suggested  by  Legendre. 
Vide  Yerfaolst,  p.  252,  and  M.  Jacobi  in  Crelle. 
t  This  transcendent  is  denoted  by  T,  tnd  is  defined  by  the  eqostion 

dp 


-yB(c^) 


A  (e  rt' 

where  B  (c^)  is  the  elliptic  integral  of  the  second  kind.    If  we  introdnoe  the  inyerse  nota- 
tion, and  make  f  »  am  ii,^we  can  readily  establish  the  following  result, 

T  •>  1-1,3  ^  ^/^sin' am  « <l «'. 

The  fimctton  T,  which  is  the  logarithm  of  o  (tide  In/Vs,  p.  66),  has  many  remarkable  pro- 
perties. 

t  In  the  fonner  species  (1  +  n)  A  +  — ^  is  negative,  and  in  the  latter  positive  (vide 

Mf«,  pk  45).    The  specific  names  are  derived  from  the  circumstance  that  for  the  former  the 
foodaiDentd  formula  of  addition  involTcs  a  logarithm,  for  the  latter  a  circular  arc. 
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however  possibly  arose  from  some  misconception  of  M.  Jacobi*s  meaning. 
DrJ  Gudermanii,  in  the  fourteenth  volume  of  Crelle's  Journal,  has  given  it 
as  his  opinion  that  the  circular  species  of  integrals  of  the  third  kind  does  not 
admit  of  the  reduction  in  question ;  and  remarks,  that  it  occurs  much  more 
frequently  than  the  other  species  in  the  applications  of  mathematics  to  na- 
tural philosophy. 

After  having  discussed  at  some  length,  and  by  new  methods,  the  proper- 
ties of  elliptic  integrab  of  the  third  kind,  M.  Jacobi  concludes  his  work  by 
investigating  the  nature  of  two  new  transcendents  which  present  themselves 
in  immediate  connexion  with  the  numerator. and  denominator  of  the  con- 
tinued product  by  which  sin  am »  is  expressed.  One  of  them  however 
M.  Jacobi  had  already  recognised  by  a  distinctive  symbol,  in  consequence  of 
its  intimate  connexion  with  the  theory  of  integrab  of  the  third  kind. 

Such  is  the  outline  of  this  remarkable  work :  before  it  appeared  M •  Jacobi 
gave  in  the  third  and  fourth  volumes  of  Crelle's  Journal  (iii.  pp.  192,  SOS, 
403,  iv.  p.  185)  notices,  mostly  without  demonstrations,  of  the  progress  of 
his  researches.  Almost  everything  in  the  first  and  second  of  these  notices 
b  found  in  the  'Fundamenta.'  In  the  third  we  find  a  remarkable  algebraical 
formub  for  the  multipfication  of  the  elliptic  integral  of  the  first  kind*  The 
fourth  and  last  relates  to  ulterior  investigations,  which  it  was  the  intention 
of  the  author  to  develope  in  a  second  part  of  his  work*  It  contains  an  indi* 
cation  of  a  method  of  transformation  depending  on  a  partial  difierential 
equation  * ;  values  of  the  elliptic  functions  of  multiple  arguments ;  a  method 
of  transfonuing  integrab  of  the  second  and  third  kinds ;  a  most  important 
simplification  of  the  method  of  Abel  for  the  divbion  of  any  integral  of  the 
first  kind,  Stc  Of  thb  simplification  he  had  already  given  some  idea  in  a 
note  in  the  preceding  volume  of  the  same  Journal,  p.  86* 

17.  It  may  not  be  improper  in  thb  place  to  observe,  that  in  1818,  and 
thus  in  the  interval  between  L^endre*s  fint  and  second  systematic  works  on 
the  theory  of  elliptic  functions,  M.  Gauss  published  the  tract  entitled  ^  De- 
terminatio  Attractionis,'  &c.    The  illustrious  author  b^ns  by  remarking 
that  the  secular  inequalities  due  to  the  action  of  one  pbnet  on  another 
are  the  same  as  if  the  mass  off  the  dbturbing  planet  were  di£fused  according 
to  a  certain  law  along  its  orbit,  so  that  the  btter  becomes  an  elliptic  ring  of 
variable  but  infinitesimal  thickness.    The  problem  then  presents  itself  of 
determining  the  attraction  exerted  by  such  a  ring  on  any  external  point. 
In  the  solution  of  thb  problem  M.  Gauss  arrives  at  two  definite  integrals ; 
they  can  readily  be  reduced  to  elliptic  integrals  of  the  first  and  second  kinds. 
For  the  evaluation  of  the  integrab  to  which  he  reduces  those  of  hb  problem, 
M.  Gauss  gives  a  method  of  successive  transformation,  analogous  in  some 
measure  to  that  of  Lagrange.     But  the  transformation  of  which  he  makes 
use  is  a  rational  one,  and  is  in  fact  the  rational  transformation  of  the  second 
order.    The  discovery  of  thb  transformation  appears  therefore  to  be  due  to 
M.  Gauss.     He  has  remarked,  though  merely  in  passing,  that  his  method  is 
applicable  to  the  indefinite  as  well  as  to  the  definite  integral.     The  rational 
transformation  in  question  leads  to  a  continually  increasing  series  of  moduli, 
or  is,  to  use   an    expression  of  M.  Jacobi  a  transformation  "minoris  in 
majorem."    The  law  connecting  two  consecutive  moduli  is  the  same  aa  in 
Lagrange's,  which  is,  as  we  have  seen,  an  irrational  transformation ;  so  that 
M.  Gauss's  method  does  not  afford  us  a  new  scale  of  moduli.    Nevertheless, 
as  no  rational  transformation  had  I  believe  been  noticed  when  his  tract  ap- 

*  Mr.  Csyley,  to  whose  kindness  I  hsTS  been,  while  engaged  on  the  present  report,  greatly 
indebted,  hit  oommunictted  to  me  a  demonstration  of  the  truth  of  this  equation. 
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peued*.  Ids  method  is,  in  a  historical  point  of  view,  of  considerable  in* 


18.  In  the  seecmd  volome  of  Crelle's  Journal,  p.  101 »  we  find  Abel's  first 
memoir  on  dliptic  functions.  It  wss  published  in  the  spring  of  1827»  and 
tiierefore  before  M.  Jaoobi's  announcement  in  No.  123  of  Schumacher's 
JoumaL  But  it  contains  nothing  which  interferes  with  M.  Jacobi's  disco- 
taj  of  the  general  theory  of  transformation.  Abel's  researches  on  this  part 
of  the  subject  appeared  in  the  third  volume  of  Crelle's  Journal,  p.  160. 
This  seoood  communication  is  dated,  as  we  are  informed  by  an  editorial 
note,  the  12th  of  February,  1828*  and  though  it  is  announced  as  a  continn« 
ition  of  the  former  memoir,  it  b  yet  in  efiect  distinct  from  it,  as  itp  contents 
are  not  mentioned  in  the  general  summary  prefixed  to  the  firrt  communica> 

tiOD. 

These  details  may  not  be  without  interest,  though  it  is  not  often  that  ques« 
tioDs  of  priority  deserve  the  importance  sometimes  given  to  them.  There 
is  no  doubt  that  Abel's  researches  were  wholly  independent  of  those  of 
M.  Jacobi ;  and  though  the  coincidence  of  some  of  their  results  is  therefore 
interesting,  yet  the  general  view  which  they  respectively  took  of  the  theory  of 
dliptic  functions  is  essentially  different,  as  different  as  the  style  and  manner 
of  their  writings. 

With  M.  Jaoobi  the  problem  of  ^transformation  occupied  the  first  place ; 
with  Abel  that  of  the  division  of  elliptic  integrals.  Both  introduced  a  nota* 
tiott  inverse  to  that  which  had  previously  been  used,  and  as  an  immediate 
eoaseqnenee  recognised  the  double  periodicity  of  elliptic  functions.  £z- 
presnoos  of  these  functions  in  continued  products  and  series  were  g^ven  by 
both,  but  those  of  Abel  were  deduced  by  considering  the  limiting  case  of 
the  multiplication  of  elliptic  integrals,  those  of  M.  Jacobi,  as  we  have  seen, 
from  the  limiting  case  of  their  transformation.  Hence  Abel's  fundamental 
expressioiui  depend  on  doubly  infinite  continued  products,  cbrresponding  to 
the  double  periodicity  of  elliptic  functions.  On  Uie  other  hand,  M.  Jacobi's 
oootiDiied  products  are  all  singly  infinite. 

Other  differences  might  of  course  be  pointed  out,  but  the  most  remarkable 
is  that  which  we  find  in  the  character  and  style  of  their  writings.  Nothing 
esn  be  more  distinct.  In  M.  Jacobi's  we  meet  perpetually  with  the  traces 
of  patient  and  phjlosophical  induction ;  we  observe  a  frequent  reference  to 
particular  eases  and  a  most  just  and  accurate  perception  of  analogy.  Abel's 
are  distinguished  by  great  facility  of  manner,  which  seems  to  result  from 
his  power  of  bringing  different  classes  of  mathematical  ideas  into  relation 
with  each  other,  and  by  the  scientific  character  of  his  method.  We  meet  in 
his  works  with  nothing  tentative,  with  but  little  even  that  seems  like  artifice. 
He  ddights  in  setting  out  with  the  most  general  conception  of  a  problem, 
and  in  introducing  successively  the  various  conditions  and  limitations  which 
it  may  require.  The  principle  which  he  has  laid  down  in  a  remarkable  pas- 
8^e  of  an  unfinished  essay  on  equations  seems  always  to  have  guided  him — 
that  a  question  should  be  so  stated  that  it  may  be  possible  to  answer  it. 
Wlien  ao  stated  it  contains,  he  remarks,  the  germ  of  its  solution  f . 

«  Hw  fandstnentsl  fonntda  of  hit  trtniformation  ii  inddentsUy  mentioned  in  Legendre'i 
second  work  (Tnit^  dee  Fonct,  i.  61). 

t  For  insUnee,  Is  it  poinble  to  tritect  an  angle  by  the  mle  and  compass  ?  The  qnea- 
ikm  thos  ttaied  leads  ns  to  consider  the  general  character  of  all  problems  soluble  by  the 
Beebods  of  elementary  geomehy ;  and  following  the  suggestion  thus  given,  we  find  that  it 
a  to  be  answerol  in  the  negative.  But  if  the  last  clause  be  omitted  or  nc^ected,  we  can 
saly  proeeed,  as  many  persons  have  done,  tentatively,  i  e.  by  attempting  actually  to  solve 
the  proUem.  If  we  fsil,  the  question  remains  unanswered ;  if  we  suoceed,  we  do  answer 
i^  bnt  Si  it  were  only  by  aoddent. 
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I  do  not  preBume  to  compare  the  meritt  of  theie  two  mathematioiaiM. 
The  writings  of  both  are  admirable,  and  may  serve  to  show  that  if  ever  the 
modern  method  of  analysis  seems  to  be  an  efxwttpla  rather  than  a  rix^i  i^ 
does  80,  either  because  it  has  not  been  rightly  used»  or  became  it  is  not  duly 
understood. 

To  obtain  a  general  view  of  Abel's  writings  it  may  be  remarked,  that  his 
earliest  researches  related  to  the  theory  of  equations.  Of  the  ideas  with 
which  he  was  then  conversant  he  has  nmde  two  principal  applications.  The 
one  is  to  the  comparison  of  transcendents  in  the  manner  already  described ; 
the  other  to  the  solution  of  the  equations  presented  by  the  problem  of  the 
division  of  elUptio  integrals.  The  second  of  these  applications  is  contained 
in  the  memoir  published  in  the  second  volume  of  CreUe's  JonmaL 

He  begins  by  introducing  an  inverse  notation  0  («)  corresponding  to  the 
function  denoted  in  the  '  Fundamenta  Nova '  by  sinamsf,  while/ (ti)  and 
F  (u)  correspond  respectively  to  cos  am  u  and  A  am  «.  This  notation 
has  the  defect  of  appropriating  three  symbols  which  we  cannot  well  spare. 
On  the  other  hand  it  is  certainly  more  concise  than  M*  Jacobi's. 

He  then  verifies  the  fundamental  formulai  for  the  addition  of  the  new 
functions,  and  goes  on  to  show  that  they  are  doubly  periodic  *•  He  next 
considers  the  expressions  of  f  n  a,  &c.  in  ^  a,  &c.,  and  proceeds  to  prove 
the  important  proposition  that  the  equation  of  the  problem  of  the  divbion 
of  elliptic  integrals  of  the  first  kind  is  always  algebraically  soluble. 

In  order  to  Ulustrate  this,  which  is  one  of  the  moat  remarkable  theorems 
in  the  whole  subject,  it  may  be  observed,  that  as  any  circular  function  of  a 
multiple  arc  can  be  algebraically  expressed  in  terms  of  circular  functions 
of  the  simple  arc,  so  may  fnOifna,  Fna  be  algebraically  ezprewed  by 
meantf  of  ^ Of/o,  Fot 

Conversely*  as  the  determination  (to  take  a  particular  function)  of  ain  a  in 
terms  of  sin  n  a  requires  the  solution  of  an  algebraical  eauation»  so  does  that 
of  f  a  in  terms  ofpnu.  The  equation  which  presents  itself  in  the  former 
case  is,  as  we  know,  of  the  itth  or  of  the  (2  n)th  degree  as  n  is  odd  or  even. 
But  the  equation  for  determining  f  a  rises  to  the  (n*)th  degree  in  the  former 
case,  and  in  the  latter  to  the  (2  n*)th.  We  may  however  confine  oanelvea 
to  the  case  in  which  n  is  a  prime  number ;  since  if  it  be  oompoeite  the  ar> 
gument  of  the  circular  or  elliptic  function  may  first  be  divided  by  one  of 
the  factors  of  n,  and  the  result  thus  got  by  another,  and  so  on.  Thua  setting 
aside  the  particular  case  of  a  =  2,  we  shall  have  to  consider,  in  order  to 
determine  sin  «  or  ^  a,  an  algebraical  equation  of  the  nth  or  (fi^)th  degree 
respectively. 

In  consequence  of  the  periodicity  of  sin  a,  the  roots  of  the  equation  in 
sin  a  admit  of  being  expressed  in  a  transcendental  form ;  they  are  all  in* 

eluded  in  the  formula  sin  (a  +    ^i*  '^  which  p  is  integralf  and  which 

therefore  admits  of  only  n  difterent  values. 

*  The  fonniils  in  questioa  differ  firam  those  slresdy  ^tsb,  oaly  beostise  Abel's  tam  of 
the  elliptic  integnl  i«/!^/i  _  J  Jw,  /L^a^'  ^^^^^  beoomss  tiie  tsms  ss  Lsgeadr^'s  on 
making  c*  »  —  1.    The  doaUe  periodieily  of  the  foactioiis  is  txprtmod  by  the  £Dmnla 

wHh  timilsr  formule  for/ and  F.    The  qnsntitiea  m  end  m  sre  faitegnd,  end 
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fitt  cUiptio  Ibnefcions  an  dtmbfy  periodic,  and  therefeiM^  ttie  Tobtrioff  ^tM  "  "^       / 


eqnataoD  in  f  a  are  expreatible  by  a  formula  analogoua  tiy^e^tfoa  ^luf  w^ittepf ' 
iKit  which  mrolves  two  indeterminate  integers  coiretpohi^K^^jfUa'ibiiMi 
periodidtiea  of  the  fttnetioD,  juat  aa  p  does  to  the  single  pi 
Giving  all  poasible  yalues  to  these  integers,  we  get  n*  different  values  for 
the  formula. 

The  question  now  is,  how  are  we  to  pass  from  the  transcendental  repre- 
KstadoQ  of  theae  roots  to  their  algebraical  expression  ?  Or,  in  other  words, 
hov  are  the  relations  among  the  roots  deducible  from  the  circumstance  of 
tkdr  being  ail  included  in  tibe  same  formula,  to  be  made  available  in  effect* 
iag  the  aolutioo  of  the  algebraical  equation  ? 

The  anawer  to  this  question  is  to  be  found  in  the  following  principle ;  thai 
if  ;i( «  be  such  a  ratioiud  function  of  u  that 

x»  y, .  •  z  being  the  roots  of  an  algebraical  equation,  then  any  of  these  quan- 
tities may  be  expressed  in  terms  of  the  coefRcients  of  the  equation.  This 
follows  at  once  from  the  consideration  that  we  shall  have 

X*  =  -Ji"  iX'+Xy  +  •  •  •  +X'h 

fu  being  the  number  of  the  roots  jr,  y, .  •  •  2.  For  the  sum  within  the  bracket 
being  a  rational  and  symmetrical  function  of  the  roots,  is  necessarily  expres- 
nble  in  the  coefficients  of  the  equation,  and  the  same  is  therefore  of  course 
true  of  ^  jr,  or  of  any  of  the  other  quantities  to  which  it  is  equal. 

If,  therefore,  by  means  of  the  relations  which  we  know  to  exist  among  the 
roots  of  the  equation  to  be  solved  we  can  establish  the  existence  of  a  system 
of  such  functions,  x^  %',  %",  &c^  each  of  which  retains  the  same  value  of 
whichever  root  we  suppose  it  to  be  a  function ;  and  if  by  combining  these 
functioDS  we  can  ultimately  express  .r  in  terms  of  them»  the  equation  is  solved, 
siaee  each  of  these  functions  may  be  considered  a  known  quantity. 

Such  b  the  general  idea  of  Abel's  method  of  solution.  The  principle  on 
which  it  depends,  namely,  the  expressibility  of  any  unchangeable  function  %, 
ii  one  which  is  firequently  met  with  in  investigations  similar  to  that  of  which 
we  are  speaking.  M.  Gauss's  solution  of  the  binomial  equation  is  founded 
upon  it. 

I  have  already  remarked  that  an  important  simplification  of  Abel's  process 
was  given  by  M.  Jacob!.  The  result  which  M.  Jacob!  has  stated  without 
demoDstration  may  be  proved  by  means  of  a  theorem  established  by  Abel  in 
the  fourth  volume  of  Crelle's  Journal,  p.  194. 

M.  Jacob!  shows  the  existence  of  a  system  of  n^  functions  ;(,  ^\  &c.,  by 
comlHning  which  we  can  immediately  express  the  values  of  the  roots.  In  the 
last  of  his  *  Notices '  on  elliptic  functions  we  find,  as  has  been  said,  the  ex* 
plicit  determination  of  ail  the  roots.  The  formula  given  for  this  purpose  is, 
like  the  former,  undemonsirated,  and  I  do  not  know  whether  any  demonstra- 
tion of  it  has  as  yet  been  published ;  but  from  a  note  of  M.  Liouville,  in  a 
recent  volume  of  the  *  Comptes  Rendus,'  we  find  that  both  he  and  M.  Her- 
mite  have  succeeded  in  proving  it 

But  in  whatever  manner  the  solution  is  effected  it  will  always  involve  cer- 
tain traasceadental  quantities,  which  are  introduced  in  the  expressions  of  the 
rdadon  subsisting  between  the  different  roots.  The  solution  can  therefore 
be  looked  on  as  complete,  only  if  we  consider  these  to  be  known  quantities. 
Th^  are  the  roots  of  a  particular  case  of  the  equation  to  be  solved.  They 
Tdate  to  the  diviaion  of  what  are  called  the  complete  integrals.  We  may 
therefore  say  that  the  general  case  is  reduced  to  this  particular  one.    But 
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the  latter  is  not,  except  under  certain  ciroumitance8»  soluble,  though  the 
solution  of  the  equation  on  which  it  depends  can  be  reduced  to  the  solution 
of  certain  other  equations  of  lower  degrees. 

But  for  an  infinity  of  particular  values  of  the  modulus,  the  case  in  ques- 
tion is  soluble  by  a  method  closely  analogous  to  that  used  by  M*  Gauss  for 
the  solution  of  binomial  equations.  Thus  for  all  such  values  the  problem  of 
the  division  of  elliptic  integrab  is  completely  solved. 

The  most  remarkable  of  these  cases  corresponds  to  the  geometrical  pro- 
blem  of  the  division  of  the  perimeter  of  the  lemniscate.  Abel  discovered 
that  this  division  can  always  be  effected  by  means  of  radicals,  and  further, 
that  it  can  be  constructed  by  the  rule  and  compass  in  the  same  cases  (that 
is  for  the  same  values  of  the  divisor)  as  the  division  of  the  circumference  of 
a  circle.  Of  this  discovery  we  find  Abel  writing  to  M.  Holmboe,  "  Ah  qu'il 
est  magnifique  I  tu  verras  V 

In  order  to  form  an  idea  of  the  nature  of  the  difficulty  which  disappears 
in  the  case  of  which  we  are  speaking,  let  us  suppose  that  we  have  to  solve 
the  algebraical  equation  which  is  represented  by  the  transcendental  one 
f  (S  6)  s  0,  in  the  same  manner  as  the  equation  4x'— 3«  =  0is  represented 
by  sin  (3  9)  =  0. 

The  roots  of  ^jp^  —  S  j?  =  0,  are,  setting  aside  zero, 

sm  •---»  sm  --— 
3  S 

Those  of  the  former  algebraical  equation,  which,  as  we  know,  is  of  the  ninth 
degree,  are,  beside  zero, 

2ttt  4itf 

T*  ^  S 

2vi  ^^tort 


9 


3  "^    S 

2 (ctf  -f  <y  0        ^4(»  -f-  mi) 

3 


2(w  +  2wi)        4(ft;-f  2urt) 

^  3  *    '^  3  ' 

where  t  =s  4^—1. 

To  satisfy  ourselves  that  these  are  the  roots  required,  we  observe  that 
«  (m  09  +  n  ur  t)  =s  0  for  all  int^ral  values  of  m  and  n.    Hence  the  general 

form  of  the  roots  of  our  equation  is  f ^^ ;  but  it  will  be  found  that 

if  we  give  any  values  not  included  in  the  above  table  to  m  and  n,  the  resulting 
expression  can  be  reduced  to  one  or  other  of  the  forms  we  have  specified  in 

virtue  of  the  formula  ^(6)  =  ^{(—1)*+* •+«»«+««'»}•    ^'ff'  Thenon- 

tabulated  root  f       "^  is  equal  to  our  sixth  root  f    v"^^V  gjnce  the 

3  *> 

sum  of  their  arguments  is  So;  +  2«f,  and  the  sum  of  3  and  2  is  an  ocid 
number. 


*  It  it  right  to  meiition  that  M.  Ltbri  has  disputed  Abd't  title  to  the  theory  of  the  < 
vinon  of  the  lemniictte.  I  shall,  howe?er,  not  enter  on  the  merits  of  the  controveny  which 
arose  on  this  point  between  him  and  M.  Lionville.  The  reader  will  find  it  in  the  seventeenth 
volume  of  the  '  Comptes  Rendns.'  It  appears  that  M.  Ganss  had  himself  recognised  tli< 
applicability  of  his  method  to  the  equation  arising  oat  of  the  problem  of  the  division  of  xH^ 
perimeter  of  the  lemniscate  (ride  Recherches  Arithmetiques,  (  vii.  p.  429.  I  quote  from 
the  translation  published  at  Paris  in  1809). 
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On  eoBMdaring  crar  taUe,  we  obienre  that  it  consistB  of  9  4- 1  horisoDt«l 

nnra»  eadi  contamiog  S  —  1  tenns,  and  that  the  argumeoti  of  the  terms  in 

eaeh  row  are  connected  by  a  «imple  relation ;  that  of  the  second  being  double 

diat  of  tbe  first.    If  we  were  to  replace  S  by  any  odd  no]nber/^  we  shoald 

get  an  equation  of  the  j^  degree,  whose  roots,  setting  aside  lero,  might  simi- 

hily  be  arranged  in  /» +  1  rows,  each  of  />—  1  terms,  this  arguments  of  the 

tenns  in  each  row  being  as  1,  2,  3,  &c. 

4v  2v  2oir 

Moreover,  sin-—-  b  rarionally  expressible  in  sin---,  and  generally  sin  ^ 

2  w 

is  ao  in  sin -,  n  and  p  being  any  integers  we  please.    So  too  are  all 

the  terms  in  each  horizontal  row  of  our  table,  whether  for  the  particular  case 
«e  have  written  down,  or  for  that  of  any  odd  number,  rationally  expressible 
in  the  first  term. 

Hence  it  may  be  shown  that  when  the  divisor  2  n  +  1  is  a  prime  number, 
an  equation  whose  roots  were  the  terms  in  any  horizontal  row  could  be  solved 
algebraically,  by  a  method  essentially  the  same  as  that  of  Gauss,  just  as  we 

can  solve  the  equation  the  type  of  whose  roots  is  sin  ^    .    But  to  con* 

struct  this  equation,  t.  e.  to  determine  its  coefficients,  requires  the  solution  of 
an  equation  of  the  same  degree  as  the  number  of  horizontal  rows,  t.  e.  of  the 
degree  2n  -^2.  And  this  equation  is  in  general  insoluble.  The  difficulty 
we  here  encounter  may  be  expressed  in  general  language,  by  saying  that 
although  we  can  pass  from  one  root  to  another  along  each  horizontal  row, 
yet  we  cannot  pass  from  row  to  row. 

Our  table,  however,  has  the  remarkable  property,  that  supposing,  as  we 
may  always  do,  2  n  +  1  to  be  a  prime  number,  all  the  roots  are  rationally 
expreasibie  in  terms  of  any  two  not  fying  in  the  same  row.  This  depends  on 
a  property  of  the  function  ^ ,  which  it  is  verv  easy  to  demonstrate,  and  it  is 
intimately  connected  with  the  relations  which  exist  among  the  terms  of  the 


If,  then,  which  is  the  case  for  an  infinite  variety  of  values  of  the  modulus, 
we  can  express  any  root  rationally  in  terms  of  another  of  a  different  row, 

My  in  ^  x r,  all  the  roots  become  rational  in  terms  of  e  ^         .  Moreover, 

it  appears  that  not  only  are  the  roots  all  expressible  in  one,  but  they  are  so 
in  saeh  a  manner  that  the  functional  dependencies  among  them  fulfil  a  cer- 
tain simple  condition,  which,  as  Abel  shows  in  a  separate  memoir  ^CreUe,  iv. 
p.  131 ;  or  Abel's  works,  L  p.  114),  renders  every  eouation,  all  wnose  roots 
are  rationally  expressible  in  terms  of  one,  algebraically  soluble. 
To  take  the  simplest  case,  the  arc  of  the  lemnbcate  may  be  represented  by 

the  tnt^ral  i,         .  If  ^  be  the  function  inverse  to  thb  integral,  we  have 

the  simple  reUtion  between  roots  of  different  rows,  ^5 — -r-z  =  if^ — —-r, 

w  hesDg  in  this  case  equal  to  sr. 

To  apply  what  has  been  said  to  the  solution  of  the  general  equation  for 
determining  fa  in  terms  of  f  (2n  +  l)a,  it  is  sufficient  to  remark  that  the 
transoaidents  introduced  in  considering  the  relations  among  the  roots  of  this 

equation,  are  simply  f  - — -—  and  f  - — -— ,  or  at  least  may  be  algebraically 

opresied  in  terms  of  these  two  quantities. 
Hie  remainder  of  the  first  memoir  contains  developments  of  the  functions 
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to  the  ioteeral  I  ,  .  ,       .      :i,  and  0-  the  corresponding  function  for 

the  modulus  Cy  then,  on  introducing  the  inverse  notation,  the  differential 
equation 

dy ^     dx 

becomes  of  course  dV  =  a<f 9,  with  d?  =  f«9  and  y  =  ^^V.  Hence  for  a 
given  increment  a  of  9,  that  of  6'  is  a  a. 

Let  us  take  the  simplest  case,  and  suppose  y  to  be  a  rational  function  of 
» ;  then,  as  r  or  ^^  6  remains  unchanged  when  0  increases  by  a  period  of  the 
function  f  ^  y  does  so  too ;  that  is  ^^*  remains  unchanged  when  V  increases 
by  a  times  a  period  of  f «,  or  in  other  words,  a  times  a  period  of  ^^  is  neces- 
sarily one  of  ^i|. 

Suppose  now  k  and  c  to  be  both  real  and  less  than  unity ;  then  f  *  and  ^^ 
have  each  a  real  period,  here  denoted  by  201;^  and  2  a;,  respectively,  and  each 
an  imaginary  period  Wj^i  and  tor^t  respectively,  w^  and  cr,  being  both  real. 
Let  9  receive  first  the  increment  2ctfc  and  secondly  the  increment  iVety  then, 
by  what  has  been  said, 

2iittie  s=2mctfjk  +  nv^** 

m^n^p^q  being  certain  integers.  But  can  these  two  equations  subsist  simul- 
taneously ?  Not  generally,  since  if  we  eliminate  a  and  equate  possible  and 
impossible  parts,  we  get  two  relations  among  a;,  or,  01^  tv^^  which  are  con- 
tinuous functions  of  the  two  quantities  k  and  c.  Hence  both  are  determinate ; 
and  if  we  wish  c  to  remain  indeterminate,  we  must  either  make  m  and  q 
equal  to  zero,  in  which  case  a  is  impossible,  or,  making  n  and />  equal  to  zero, 
assign  a  real  value  to  it.    When  a  is  real  we  have 

and  hence  the  remarkable  conclusion,  that 

— ^  :  — ^  : :  9  :  ifiy 

«.  and,  being  integer.       '*/' 

The  commensurability  of  the  transcendental  functions— ^9  —^  is  therefore 

«*    fir. 

a  necessary  condition,  in  order  that  an  integral  with  modulus  c  can  be  trans- 
formed into  one  with  modulus  A,  the  regvUUor  a  being  real  and  c  indeterminate. 
And  it  may  be  shown  that  this  condition  is  not  only  necessary  but  sufficient. 
Simihir  considerations  apply  to  the  case  in  which  a  is  impossible. 

Simple  as  this  view  is,  it  leads  to  many  consequences  of  great  interest 

The  function  9,  of  which  we  have  already  spoken  (p.  S^y  is  merely  e^*^7» 
and  as  we  know  for  the  first  real  transformation  of  the  nth  order,  it  becomes 

e^*'~ir«  Hence  in  this  case  we  have  I  —  I  ^'^  I  —  I  according  to  the 
general  law.    It  may  be  well  to  remark,  that  if  A  =s  c  we  have  a^m^^m 

*  V  here  it  iff  H.  Jaoobi'i  notatioB  2K^  to  that  f  l->f  (#-|-2M«r-i-iivt),  «  and  n 
being  any  integers. 
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(an  int^er).     Hence  in  mmkiplying  an  integral,  the  multiplier  must  be  an 
iateger,  ify  is  rational  in  x,  except  for  particular  values  of  c. 

In  the  paper  uf  which  we  are  speaking  Abel  has  applied  precisely  similar 
considerations  to  the  case  in  which  x  and  y  are  connected  bj  any  algebraical 
equation. 

Passing  over  one  or  two  shorter  papers,  one  of  which  has  been  already 
referred  to  at  p.  59,  we  come  to  a  *  IV^cis  *  of  the  theory  of  elliptic  func- 
tions, published  in  the  fourth  volume  of  Crelle's  Journal,  p.  236*  The 
work  of  which  it  was  designed  to  be  an  extract  was  never  written,  and  the 
*  Pr§cis  *  itself  is  left  unfinbhed.  A  general  summary  was  prefixed  to  it,  from 
which  we  learn  that  the  work  was  to  be  divided  into  two  parts.  In  the  first 
elliptic  integrals  are  considered  irrespectively  of  the  limits  of  integration,  and 
tbeir  moduli  may  have  any  values,  real  or  imaginary.  Abel  proposes  the 
general  problem  of  determining  all  the  cases  in  which  a  linear  relation  may 
exist  among  elliptic  integrals  and  logarithmic  and  algebraical  functions  in 
rirtue  of  algebraical  relations  existmg  among  the  variables^. 

His  first  step  is  to  apply  his  general  method  for  the  comparison  of  trans- 
cendents to  elliptic  integrals,  which  may  be  done  by  what  is  called  Abel's 
theorem,  in  at  least  two  different  wayls:  Uie  one,  that  of  which  he  now  makes 
ti<e ;  the  other,  that  which  we  have  seen  is  applied  to  the  case  of  four  func- 
tions by  Legendre  in  his  third  Supplement 

He  next  determines  the  most  general  form  of  which  the  integral  of  an  al- 
gebraical differential  expression  of  any  number  of  variables  is  capable,  pro- 
vided it  can  be  expressed  linearly  by  elliptic  integrals  and  logarithmic  and 
algebraical  functions.  The  result  at  which  he  arrives  admits  of  many  im- 
portant applications.  It  is,  that  the  integral  in  question  may  be  expressed  in 
&  form  in  which  the  sine  of  the  amplitude  of  each  elliptic  integral  and  the 
corresponding  A,  and  also  the  algebraical  and  each  logarithmic  function  are 
all  rational  functions  of  the  variables  and  of  the  differential  coefficients  of  the 
int^ral  with  respect  to  each. 

He  pnxseeds  by  an  interesting  train  of  reasoning  to  establish  the  remark- 
able conclusion,  that  the  general  problem  which  we  are  considering  may 
nltimafeely  be  reduced  to  that  of  the  transformation  of  elliptic  integrals  of  the 
first  kincL  The  problem  of  this  transformation  is  then  discussed,  and  by  a 
laethod  essentially  the  same  as  that  of  which  he  had  made  use  in  his  paper  in 
Schumacher  8  Journal.  The  appearance  however  of  the  two  investigations  is 
dissimilar,  because  no  reference  is  made  to  elliptic  functions  (as  distinguished 
from  elliptic  integrals)  in  the  first  part  of  the  '  Precis.*  The  relations  there- 
fore which  exist  among  the  roots  of  yss^^a;  are  established  by  considerations 
independent  of  the  periodicity  of  elliptic  functions ;  though  it  is  not  difficult 
to  perceive  that  they  were  mggatUd  by  the  results  previously  obtained  by 
means  of  that  fundamental  property.  It  is  shown,  that  if  the  equation 
y^4^ar,  where  tjra:  is  a  rational  function,  satisfy  the  differential  equation  (A.), 
then  this  equation,  considered  as  determining  x  in  terms  of  y,  is  always  alge- 
braically soluble.  As  the  multiplication  of  elliptic  integrals  may  be  consi- 
dered a  case  of  transformation  (that,  namely,  in  which  the  modulus  of  the 
transformed  integral  remains  unchanged),  this  theorem  may  be  looked  on  as 
u  extension  of  &at  which  we  have  spoken  of  (p.  5%^  in  giving  an  account  of 
Abd's  first  memoir  on  elliptic  functions.  The  two  theorems  are  proved  by 
the  same  kind  of  reasoning. 

The  second  part  of  the  memoir  was  to  have  related  to  cases  in  which  the 
i&odali  are  real  and  less  than  unity ;  of  this  however  only  the  summary  exists. 

*  la  the  assuned  relsiion,  the  amplitade,  or  rather  the  sine  of  the  amplitude  of  each 
^%(ic  integral,  is  to  be  one  of  the  variables,  and  no/  a  function  of  one  or  more  of  them. 

1846.  F 
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Abel  proposed  to  introduce  three  new  functions,  the  first  corresponding  to 
that  which  he  had  previously  designated  by  fi*.  He  now  denotes  it  by  At. 
The  second  and  third  functions  are  apparently  what  the  second  and  third 
kind  of  elliptic  integrals  respectively  become,  when,  instead  of  a?,  we  intro- 
duce the  new  variable  9 ;  x  and  6  being  of  course  connected  by  the  equation 
x=zXd,  The  double  periodicity  of  the  function  X  and  its  other  fundamental 
properties  having  been  established,  it  was  his  intention  to  proceed  to  more 
profound  researches.  Some  of  his  principal  results  are  briefly  stated.  I  may 
mention  one,  that  all  the  roots  of  the  modular  equation  may  be  expressed 
rationally  in  terms  of  two  of  themf. 

One  of  the  last  paragraphs  of  the  summary  relates  to  functions  very 
nearly  identical  with  those  which  M.  Jacobi  discusses  at  the  close  of  the 
'  Fundamenta  Nova,'  and  which  he  has  designated  by  the  symbob  H  and  6. 

The  second  volume  of  Abel's  collected  works  consists  of  papera  not  pub- 

lished  during  his  life.    Two  or  three  of  these  relate  to  elliptic  functions. 

The  longest  contains  a  new  and  very  general  investigation  for  the  reduction 

p 
of  the  general  transcendent,  whose  differential  is  of  the  form     r^s,  P  being, 

vK 

as  usual,  rational  and  R  a  polynomial  of  the  fourth  degree;  together 

with  transformations  with  respect  to  the  parameter  of  integrals  of  the  third 

kind. 

20.  Having  now  given  some  account  of  the  revolution  which  the  disco- 
veries of  Abel  and  Jacobi  produced  in  the  theory  of  elliptic  functions,  I  shall 
mention  some  of  the  principal  contributions  which  have  been  made  towards 
the  further  development  of  the  subject  since  the  publication  of  the  ^  Funda- 
menta Nova.*  In  Crelle's  Journal,  iv.  p.  S71,  we  find  a  paper  by  M.  Jacobi, 
entitled  '  De  Functionibus  EUipticis  Commentatio.'  It  contains,  in  the  first 
place,  a  development  of  the  method  of  transforming  elliptic  integrals  of  the 
second  and  third  kind,  and  introduces  a  new  transcendent  O,  which  takes  the 
place  of  8,  with  which  it  is  closely  connected.  M.  Jacobi  proves  that  the 
numerator  and  denominator  of  the  value  of  y,  mentioned  above,  and  which 
have  been  denoted  by  U  and  V,  satisfy  a  single  differential  equation  of  the 
third  order.  The  remainder  of  the  paper  relates  to  the  properties  of  O  (vide 
€nUe,  note,  p.  55).  When  this  function  is  multiplied  by  a  certain  exponen- 
tial factor  it  becomes  a  singly  periodic  function,  and,  which  is  very  remark- 
able, its  period  is  equal  to  one  of  the  single  or  composite  periods  of  the  el- 
liptic function  inverse  to  the  integral  of  the  first  kind.  By  composite  period 
I  mean  the  sum  of  multiples  of  the  fundamental  periods.  The  exponential 
factor  being  properly  determined,  its  product  by  O  is  equal  to  9  multiplied 
by  a  constant.  In  considering  this  subject  M.  Jacobi  is  led  to  introduce  the 
idea  of  conjugate  periods.  These  are  periods  by  the  combination  of  which 
all  the  composite  periods  may  be  produced.  It  is  obvious  that  the  funda- 
mental periods  are  conjugate  periods;  and  there  are,  as  may  easily  be 
shown,  an  infinity  of  others. 

In  the  sixth  volume  of  the  same  journal  we  find  a  second  part  of  the 
'  Commentatio.'    It  contains  a  remarkable  demonstration  of  the  fundamental 

*  In  the  'Pr&is'  Abel  has  adopted  the  canonical  form  of  the  integral  of  the  first 
kind  made  use  of  by  Legendre  and  M.  Jaoohi;  so  that  the  qnantitj  under  the  radicid  is 
(l~x3)(l— c^  x^.  It  is  worth  remarking,  that  in  his  first  paper  in  Schumacher's  Nachrichten 
this  quantity  is  (1— c' or')  (l—c^x^),  while  in  the  second  it  is  the  same  as  in  the '  Pr^s.'  To 
this  form  he  appears  latterly  to  have  adhered. 

t  It  is  not  clear  whether  by  roots  of  the  modular  equation  we  are  to  understand  the  trans- 
fonned  moduli  themselves,  or  their  fourth  roots,  i.  e.  in  M»  JaooU's  notation  X  or  v.  Vide 
ft9ira,p.50. 
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fomrate  of  transfomiatioD  of  the  odd  ordefs  founded  on  elementary  proper- 
ties of  elliptic  functions. 

In  a  historical  point  of  view  a  notice  by  M.  Jacobi  in  the  eighth  volume 
of  Crelle  (p.  41 3}  of  the  third  volume  of  Legendre*ii  *  Traits  des  Fonctiona 
Ellipdques'  is  interesting.  It  was  here,  I  believe,  that  M.  Jacobi  firvt  pro- 
posed the  name  of  Abelian  integrals  for  the  higher  transcendent,  which  we 
shall  shortly  have  occasion  to  consider.  After  some  account  of  the  contents 
of  Legendre  s  supplements,  the  first  two  of  which  contain  the  greater  part  of 
M.  Jacobi's  earlier  researches,  he  goes  on  to  generalise  a  remarkable  redue- 
tioo  given  by  Legendre  at  the  close  of  his  work. 

21.  I  turn  to  one  of  the  very  few  contributions  which  English  mathema- 
ticians have  made  to  the  subject  of  this  report,  namelv,  to  a  paper  by  Mr. 
hoiy,  which  appeared  in  the  PhiL  Trans,  for  1831.  His  design  is  to  give 
io  a  sim[4e  form  M.  Jacobi's  theorem  for  transformation.  The  demonstra- 
tion b  essentially  the  same  as  that  in  the  *  Fundamenta  Nova.'    But  Mr. 


Iroiy  does  not  set  out  with  a^uming  y  =s  _.,  U  and  V  being  integral  func- 
tions of  Xf  but  with  assuming  it  equal  to  the  continued  product  of  a  number 
of  elliptic  functions  (whose  arguments  are  in  arithmetical  progression),  mul- 
tiplied by  a  constant  factor.  This  is  one  of  M.  Jacobi's  transcendental  ex- 
pressions for  y,  and  the  two  assumptions  are  therefore  perfectly  equivalent 
io  the  transformations  of  odd  orders ;  but  in  those  of  even  orders,  or  where 
tbe  continued  product  consists  of  an  even  number  of  factors,  Mr.  Ivory's 
unoonts  to  making  p  equal  to  an  irrational  function  of  x.  Transformations 
bv  irrational  substitutions,  though  long  the  only  kind  known  (since  Lagrange's 
bdongs  to  this  class),  had  not  of  late  been  considered  in  detail.  Abel 
indeed  remarked  in  the  beginning  of  the  general  investigation  contained  in 
Schaniacher*s  Journal  (No.  138),  that  the  existence  of  an  irrational  trans- 
formation implied  that  of  a  rational  one  leading  to  an  integral  with  the  same 
nodnlns  as  tbe  other.  He  was,  therefore,  in  seeking  for  the  most  general 
modular  transformation,  exempted  from  considering  irrational  substitutions ; 
but  in  a  historical  point  of  view  it  is  interesting  to  see  the  connection  between 
Lagrange's  transformation  and  those  which  have  been  more  recently  disco- 
Tered*. 


•  Ify-(l+*)#^ /Ylp^whtt»4»+c»«l,thMi 


wbcre  ,      1— '6 

This  is  Lagrange's  dbreei  transformation.    The  corresponding  rational  transformation  is 

^^l-(l-f^)^ 
^      1-(1-*)^ 

^hich  satisfies  the  same  differential  equation  as  before. 

Again,    '  dy  ^  1-fg ^r 

where  *«^ 

is  satisfied  by  2y«=l+e««— '/(l-*3)(l-c»*>), 

which  may  be  called  Lagrange's  inverse  transfoimation,  k  being  now  the  same  fnnction  of 
<7  that  e  WM  before  of  i.    The  conresponding  rational  transformation  is 

(l-fc)jr 

V2 
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The  question  presents  itself,  what  is  the  connection  between  the  imUonal 
transfonnation  (that  of  which  Lagrange's  is  a  particular  case)  and  the  rational 
transformation  of  even  orders  ?  Perhaps  the  simplest  answer  to  it  (though 
every  question  of  the  kind  is  included  in  the  general  investigations  contained 
in  Abel's  *  Precis')  is  found  in  a  paper  by  M.  Sanio  in  the  fourteenth  volume 
of  Crelle*s  Journal,  p.  1.  The  aim  of  this  paper  is  to  develope  more  fully 
than  Mr.  Ivory  has  done  the  theory  of  transformations  of  even  orders,  and 
particularly  of  the  irrational  transformations,  which  M.  Sanio  considers  more 
truly  analogous  to  the  rational  transformations  of  odd  orders  than  the  rational 
transformations  of  even  orders;  and  also  to  discuss  the  multiplication  of 
elliptic  integrals  by  even  numbers,  a  subject  intimately  connected  with  the 
other.  We  have  already  mentioned  the  existence  of  what  are  called  com- 
plementary transformations,  each  of  which  may  be  derived  from  the  other 
by  an  irrational  substitution,  by  which  two  new  variables  are  introduced.  In 
the  case  of  transformations  of  odd  orders,  the  original  transformation  and  the 
complementary  one  are  both  rational,  and  are  both  included  in  the  general 
formula  given  by  M.  Jacobi's  theorem ;  but  to  the  rational  transformation  of 
any  even  order  corresponds  as  its  complement  the  irrational  transformation 
of  the  same  order.  This  remark,  which,  as  far  as  I  am  aware,  had  not  before 
been  made,  sets  the  subject  in  a  clear  light*. 

22.  In  the  twelfth  volume  of  Crelle's  Journal  (p.  17S),  Dr.  Guetzlaff  has 
investigated  the  modular  equation  of  transformations  of  the  seventh  order :  it 
is,  as  we  know  from  the  general  theory,  of  the  eighth  degree,  and  presents 
itself  in  a  very  remarkable  form,  which  closely  resembles  that  in  which 
M.  Jacobi,  at  p.  68  of  the  '  Fundamenta  Nova,'  has  put  the  modular  equa- 
tion for  the  third  order.  Dr.  Sohncke  has  given,  at  p.  178  of  the  same  vo- 
lume, modular  equations  of  the  eleventh,  thirteenth  and  seventeenth  orders, 
none  of  which  apparently  can  be  reduced  to  so  elegant  a  form  as  those  of 
the  third  and  seventh.  Possibly  the  transformation  of  the  thirty-first  order 
might  admit  of  a  corresponding  reduction.  The  whole  subject  of  modttlar 
equations  is  full  of  interest*  Dr.  Sohncke  has  demonstrate^  his  results  in  a 
subsequent  volume  of  the  Journal  (xvL  97)* 

In  the  fourteenth  volume  of  Crelle's  Journal  there  is  a  paper  by  Dr.  Gu- 
dermann  on  methods  of  calculating  and  reducing  integrals  of  the  third  kind. 
I  have  already  quoted  from  this  paper  the  expression  of  the  opinion  of  its 
learned  author,  that  it  is  impossible  to  express  the  value  of  integrals  of  the 
circular  species  in  terms  of  functions  of  two  arguments.    If  this  be  so^  it  is 

which  is  M.  Gauss's,  and  is  termed  in  M.  Jacobi's  nomenclature  the  ratiottal  transformation 
of  the  second  order.    It  satisfies  the  equation 

djf  .-  ,    V dx 

V(l-y*)(l-A*y*)  "  ^  "*"*^  V(l-*»)(l-c«j«/ 
where,  as  before,  .     2  Ve 

*  Lagrange's  transformation  being  

then  we  find  that  ,     (iiiL*' 

^  "  l-f*«^' 

while  the  differential  equation  becomes 

d^ da* 

where  *«-!**«. 
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impomUe  to  tabulate  such  integrals,  and  therefore  our  eourse  is  to  devise 
series  more  or  less  oonvenient  for  determiQing  their  values  when  any  pn^ 
Uem,  e.  g,  that  of  the  motion  of  a  rigid  body,  to  which  Dr.  Gudermann  espe- 
cially lefera,  requires  us  to  do  so.  The  formation  of  such  series  is  accordingly 
the  aim  of  this  memoir,  which  contains  some  remarkably  elegant  formulae ; 
one  of  which  connects  three  integrals  of  the  third  kind  with  three  of  the 
second. 

In  the  sixteenth  and  seventeenth  volumes  of  the  same  Journal,  Dr.  Guder- 
sumn  has  given  some  series  for  the  development  of  elliptic  integrals ;  and  he 
has  «nce  published  in  the  same  Journal  a  systematic  treatise  on  the  theory 
of  modular  functions  and  modular  integrals,  these  designations  being  used  to 
denote  the  transcendents  more  generally  called  elliptic  The  point  of  view 
from  which  he  considers  the  suQect  has  been  already  indicated  (vide  9upra^ 
p.  S6).  In  a  systematic  treatise  there  is  of  course  a  great  deal  that  does  not 
profess  to  be  original,  and  it  is  not  always  easy  to  discover  the  portions 
which  are  so.  Dr.  Gudermann's  earlier  researches  are  embodied  and  deve- 
loped in  his  larger  work ;  and  in  some  of  the  latter  chapters  (XXIII.  329,  &c.) 
we  find  some  interesting  remarks  on  the  forms  assumed  by  the  general  trans- 
cendent  when  the  biquadratic  polynomial  in  the  denominator  has  four  real 
roots.  Dr.  Gudermann  points  out  the  existence  of  a  species  of  correlation 
between  pairs  of  values  of  the  variable. 

23.  The  development  of  the  elliptic  function  ^  in  the  form  of  a  continued 
product  may  be  applied  to  establish  formulsB  of  transfomuttion.  Thb  mode 
of  investigating  such  formulae  was  made  use  of  by  Abel  in  his  second  paper 
in  Schumacher's  Journal,  No.  148,  which  we  have  already  noticed ;  and  a 
corre^x>nding  method  is  mentioned  by  M.  Jacobi  in  one  of  the  cursory  no- 
tices of  his  researches  which  he  inserted  in  the  early  volumes  of  CreUe's 
JoumaL  Mr.  Cayley,  in  the  Philosophical  Magazine  for  18439  has  pur- 
sued a  similar  course.  Another  and  very  remarkable  application  of  the  same 
kind  of  development  consists  in  taking  it  as  the  definition  of  the  function  ^, 
and  deducing  from  hence  its  other  properties.  It  has  been  remarked  that 
the  continued  products  of  Abel  and  M.  Jacobi  are  derived  from  considera- 
tions which,  although  cognate,  are  yet  distinct ;  those  of  the  latter  being 
singly  infinite,  while  Abel  s  fundamental  developments  consist  of  the  product 
of  an  infinite  number  of  factors,  each  of  which  in  its  turn  consists  of  an  in- 
finite number  of  simple  factors.  Thus  we  can  have  two  very  dissimilar  de- 
finitions of  the  function  ^  by  means  of  continued  products.  M.  Cauchy, 
who  has  investigated  the  theory  of  what  he  has  termed  reciprocal  factorials, 
that  is,  of  continued  products  of  the  form 

{(1  -f  *)(1  +<*)......}{(!+  ^«-0(l  +  <**->) }, 

which  is  immediately  connected  with  M.  Jacobi's  developments,  has  accord- 
ingly set  out  from  the  singly  infinite  system  of  products,  and  has  deduced 
from  hence  the  fundamental  properties  of  elliptic  functions  (Comptes  Rendus, 
xviL  p.  825). 

Mr.  Cayley,  on  the  other  hand,  has  made  use  of  Abel's  doubly  infinite 
products,  and  has  shown  that  the  functions  defined  by  means  of  them  satisfy 
the  fundamental  formulae  mentioned  in  the  note  at  page  5%  which,  as  these 
equations  furnish  a  sufficient  definition  of  the  elliptic  functions,  is  equivalent 
to  showing  that  the  continued  products  are  in  resiity  elliptic  functions.  He 
bas  therefore  effected  for  Abel's  developments  that  which  IVI.  Cauchy  had 
^(mt  for  M.  Jacobi's.  Mr.  Cayley 's  paper  appeared  in  the  fourth  volume  of 
tiie  Cambridge  Mathematical  Journal,  but  he  has  since  published  a  trans- 
lation of  it  with  modifications  in  the  tenth  volume  of  Llouville's.    On  the 
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same  subject  we  maj  mention  a  paper  by  M.  Eisenstein  (CreUe*8  Jouinal, 
xxvii.  285). 

2^.  M.  LiouTiUe  has  in  several  memoirs  investigated  the  conditions  under 
which  the  integral  of  an  algebraical  function  can  be  expressed  in  an  alge- 
braical, or,  more  generally,  in  a  finite  form.  This  investigation  is  of  the 
same  character  as  that  which  occurs  in  the  beginning  of  Abels  last  published 
memoir  on  elliptic  functions  (vide  suprcty  p.  65)>  But  while  Abel's  re- 
searches are  more  general  than  M.Liouville's,  the  latter  has  arrived  at  a 
result  more  fundamental,  if  such  an  expression  may  be  used,  than  any  of 
which  Abel  has  left  a  demonstration. 

He  has  shown  that  if  y  be  an  algebraical  function  of  x,  such  that /*y  (f  j 

may  be  expressed  as  an  explicit  finite  function  of  x,  we  must  have 

ryd»  =  t+  Alogu  +  Blogv  +, . .+  Clogft^, 

A,  B,  •  • .  C  being  constant,  and  ^,  u,  v, .  • .  tc  algebraical  functions  of  jf. 
The  theorem  established  by  Abel  in  the  memoir  referred  to  includes  as  a 
particular  case  the  following  proposition,  that  if 

/y  d  J?  =  <  +  A  log  tt  -f  B  log  »  +. . .+  C  log  w, 

then  ^,  ti,  v,  • .  •  ti^  may  all  be  reduced  to  rational  functions  of  «  and  y. 

Combining  these  two  results,  it  appears  that  if /V  <^  '  be  expressible  as  an 

explicit  finite  function  of  jr,  its  expression  must  be  of  the  form 

t+  Alogtt-I-  Blogv-I—  •  •+  Clogf9, 

where  I,  ti,  v,  • . .  u?  are  rational  functions  of  4?  and  y,  or  rather  that  its  ex- 
pression must  be  reducible  to  this  form** 

After  establishing  these  results  in  the  memoir  (that  on  elliptic  transcen- 
dents of  the  first  and  second  kinds),  which  will  be  round  in  the  twenty-third 

cahier  of  the  '  Journal  de  TEcole  Polytechnique,'  p.  37,  M.  Liouville  sup- 

p 
poses  y  to  be  of  the  form  -y^f  where  P  and  R  are  integral  polynomiala,  and 

hence  deduces  the  general  form  in  which  the  integral /-^-^  (2  r  may  neces- 
sarily be  puty  provided  it  admit  of  expression  as  an  explicit  finite  function  of  jr. 

He  shows  from  hence  that  i£  i—^dx  cannot  be  expressed  by  an  alge- 
braical function  of  x,  it  cannot  be  expressed  by  any  explicit  finite  function 
of  it,  and  finally  demonstrates  that  an  elliptic  integral,  either  of  the  first  or 
second  kind,  is  not  expressible  as  an  explicit  finite  function  of  its  variable. 

In  a  previous  memoir  inserted  in  the  preceding  cahier,  M.  Liouville 

proved  the  simpler  proposition,  that  elliptic  integrals  of  the  first  and  second 

kinds  are  not  expressible  as  explicit  algebraical  functions  of  their  variable 

(Journal  de  VEcole  Polytechnique,  t  xiv.  p.  137).    His  attention  appears  to 

have  been  directed  to  this  class  of  researches  by  a  passage  of  Laplace's 

<  Theory  of  Probabilities,'  in  which  the  illustrious  author,  after  indicating  the 

fundamental,  and^  so  to  speak,  ineffaceable  distinctions  between  difierent 

classes  of  functions,  states  that  he  had  succeeded  in  showing  that  the  inte- 

/»  d  X 

sral  /■  y — = — .- — ,--  -.  |g  QQ^  expressible  as  a  finite  function,  explicit  or 
"    ^  Vl  +  ax«-f|3a?»  '^  '^ 

implicit,  of  x.    Laplace  however  did  not  publish  his  demonstration. 

*  An  eqoivilent  theorem  is  stated  by  Abel  in  his  letter  to  Legendre  for  implicit  ss  well 
M  explicit  functions  (CreUe's  Journal,  vi.). 
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Id  his  own  Journal  (v.  34  and  44 H,  M.  Liouville  has  since  shown  that 
dliptic  integrals  of  the  first  and  second  kinds,  considered  as  functions  of  the 
fflodolasy  cannot  be  expressed  in  finite  terms. 

25.  In  the  eighteenth  volume  of  the  *Compte8Rendu8*(LiouviIle's  Journal, 
ix.  355)y  we  find  in  a  communication  from  M.  Hermite,  of  which  we  shall 
shortlj  have  occasion  to  speak  more  fully,  a  remarkable  demonstration  of 
Jacobi  8  theorem.  It  is  stated  for  the  case  of  the  first  real  transformation, 
but  might  of  course  be  rendered  general.  This  demonstration  depends  es- 
seDtially  on  the  principle  already  mentioned  (p.  59),  that  any  rational  func- 
tion of  a  root  of  an  algebraical  equation  which  has  the  same  vafue  for  every 
root  of  the  equation  is  rationally  expressible  in  the  coefiicients.  The  equa- 
tion to  which  this  principle  is  applied  is  that  to  which  we  have  so  often  re- 
ferred, Tiz.  y  ^  ^9  considered  as  an  equation  to  determine  x  in  terms  of  y, 

aod  by  means  of  it,  M.  Hermite  shows  at  once  that  a  certain  rational  funo- 
tioa  of  X  is  also  a  rational  function  of  y,  the  form  of  which  is  subsequently 
determined. 
M.  Hennite  goea  on  to  prove  other  theorems  relating  to  elliptic  functions. 
As  elliptic  functions  are  doubly  periodic,  we  may  determine  certain  of 
their  properties  by  considering  to  what  conditions  doubly  periodic  functions 
most  be  sntject.     This  view  is  mentioned  by  M.  Liouville  in  a  verbal  com- 
munication to  the  Institute  (Comptes  Rendus,  t.  xix.).    He  states  that  he 
had  found  that  a  doubly  periodic  function  which  is  not  an  absolute  constant 
and  has  but  one  value  for  each  value  of  its  variable  must  be,  for  certain  va- 
lues of  it,  infinite ;  that  from  hence  the  known  properties  of  elliptic  func- 
tions are  easUy  deduced ;  and  that  by  means  of  this  principle  he  had  suc- 
ceeded in  proving  the  expressions  of  the  roots  of  the  equation  for  the  division 
of  an  elliptic  integral  of  the  first  kind,  which  M.  Jacobi  had  given  without 
demonstration  in  Crelle's  Journal*.     I  am  not  aware  that  any  development 
of  M«  Liouville's  view  has  as  yet  appeared. 

In  the  recent  numbers  of  Crelle's  Journal  there  are  many  papers  by  M. 
Eisenstein  on  difierent  points  in  the  theory  of  elliptic  functions.  Among 
these  I  may  mention  one  which  contains  a  very  ingenious  proof  of  the  fun- 
damental formula  for  the  addition  of  two  functions,  derived  from  the  differ- 
ential equation  of  the  second  order,  which  each  function  must  satisfy. 

Other  contributions  to  the  theory  of  elliptic  functions  might  be  mentioned ; 
some  of  these,  not  here  noticed,  are  referred  to  in  the  index  which  will  be 
found  at  the  end  of  this  report  But  in  general  it  may  be  remarked  that  the 
form  which  the  subject  has  assumed,  in  consequence  of  the  discoveries  of 
Abel  and  M.  Jacobi,  is  that  which  it  will  probably  always  retain,  however 
our  knowledge  ai  particular  parts  of  it  may  increase.  What  has  since  been 
effected  relates  for  the  most  part  to  matters  of  detail,  of  which,  however  im- 
portant they  may  be,  it  is  difficult  or  impossible  to  give  an  intelligible  ao- 
eoant. 

%.  It  does  not  fall  within  the  design  of  this  report  to  consider  the  various 
applications  which  have  been  made  of  the  theory  of  elliptic  functions ;  but 
I  shall  briefly  mention  some  of  the  geometrical  interpretations,  if  the  expres- 
sion may  so  be  used,  which  mathematicians  have  given  to  the  analytical  re- 
sults of  the  theory. 

The  lemniscate  has,  as  is  well  known,  the  property  that  its  arcs  may  be 
represented  by  an  elliptic  integral  of  the  first  kind,  the  modulus  of  which  is 

*  M.  lioaville  has  mentioned  thtt  M.  Hermite  hsd  demonstnted  the  formula  in  question 
Ja  a  4iftnat  maaner. 
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---^.    The  problem  of  the  division  of  its  perimeter  is  accordingly  a  geome* 

trical  interpretation  of  that  of  the  division  of  the  complete  integral,  and  was 
considered  by  mathematicians  at  a  time  when  the  theory  of  elliptic  func- 
tions was  almost  wholly  undeveloped.  Besides  Fagnani,  whose  researches 
with  respect  to  the  lemniscate  have  been  already  noticed,  we  may  mention 
those  of  Euler,  who  however  did  not  succeed  in  obtaining  a  solution  of  the 
problem.  Legendre,  who  seems  to  have  attached  considerable  importance 
to  geometrical  illustrations  of  his  analytical  results,  assigned  the  equation  of 
a  curve  of  the  sixth  order,  whose  arcs  measured  from  a  fixed  point  represent 
the  sum  of  any  elliptic  integral  of  the  first  kind  and  an  algebraical  expression. 
He  showed  also  that  an  arc  of  the  curve  might  be  assigned  equal  to  the  el- 
liptic integral,  but  in  order  to  this  both  extremities  of  the  arc  must  be  con- 
sidered variable,  so  that  in  effect  the  integral  is  represented  by  the  difference 
of  two  arcs  measured  from  a  fixed  point  (Trait6  des  Fonctions  ElUptiques, 
i.  p.  36). 

M.  Serret,  in  a  note  presented  to  the  Institute  in  IS^S  (Liouvilles  Journal, 
viiL  145),  has  proved  a  beautiful  theorem,  viz.  that  the  sum  and  difference  of 
the  two  unequal  arcs,  intercepted  by  lines  drawn  from  the  centre  of  Cassini's 
ellipse  to  cut  the  curve,  are  each  equal  to  an  elliptic  integral  of  the  first 
kind,  and  that  the  moduli  of  the  two  integrab  are  complementary.  In  the 
lemniscate,  which  is  a  case  of  Cassini's  ellipse,  one  of  these  arcs  disappears^ 
and  the  moduli  of  the  two  integrals  are  equal,  each  being  the  sine  of  half  a 
right  angle.  So  that  M.  Serret's  theorem  is  an  extension  of  the  known  pro* 
per^  of  the  lemniscate. 

iVf  •  Serret  has  since  considered  the  subject  of  the  representation  of  elliptic 
and  hyper-elliptic  arcs  in  a  very  general  manner.  His  memoir,  which  was 
presented  to  the  Institute  and  ordered  to  be  published  in  the  '  Savaua 
Etrangers,'  appears  in  Liouville's  Journal,  x.  257-  He  had  remarked  that 
the  rectangular  coordinates  of  the  lemniscate  are  rationally  expressiUe  in 
terms  of  the  argument  of  the  elliptic  integral  which  represents  the  arc, 

for  if  we  assume  x  =  v2 a  ^  ■  ^  and  y  =  v 2 a ,   .     .,  we  shall  have 

dz 
ds^V  {d^-^-  rfy«}  =  2a    .- =,  and  if  between  the  first  two  of  these 

equations  we  eliminate  z,  we  arrive  at  the  known  equation  of  the  lemniscate*. 
So  that  if  we  state  the  indeterminate  equation 

(r,  y  and  Z  being  real  and  rational  functions  of  z\  the  lemniscate  will  afford 
us  one  solution  of  it ;  and  every  other  solution  will  correspond  to  some  curve 
whose  arc  is  expressible  by  an  elliptic  or  hyper-elliptic  integral.  Of  this  in- 
determinate equation  M.  Serret  discusses  a  particular  case.  He  succeeds  in 
solving  it  by  a  most  ingenious  method,  which  b  applicable  to  the  general 
equation,  and  shows  from  hence  that  there  are  an  infinity  of  curves,  the  arcs 
of  which  represent  elliptic  integrals  of  the  first  kind.  M.  Serret's  researches 
however  have  not  led  him  to  a  geometrical  representation  by  means  of  an 
algebraical  curve  of  any  integral  of  the  first  kind,  though  his  results  are  ge- 
neralised in  a  note  appended  to  his  memoir  by  M.  Liouville.    In  order  that 

p    dz 

*  On  reducing  the  integral  /  -j  - -^  to  the.  standard  form  of  elliptic  integrals,  wc 

find  that  it  ii  an  elliptic  integral  of  the  first  kind,  of  which  the  modalus  is  the  «ne  of  45**. 
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the  carve  may  be  algebnucal,  it  is  necessary  and  sufficient,  as  M.  Liouville 
has  remarked,  that  the  square  of  the  modulus  of  the  integral  should  be  ra- 
tioDsl,  and  less  than  unity. 

In  a  subsequent  memoir  (Lioupille's  Journal,  x.  351 )  he  has  very  much 
simplified  the  analytical  part  of  his  researches,  and  in  the  same  Journal 
(x.421)  has  proved  some  remarkable  properties  of  one  class  of  what  may  be 
ealled  elliptic  curves.  In  the  fourth  number  of  the  Cambridge  and  Dublin 
Mathematical  Journal  (p.  187),  M.  Serret  has  developed  thb  part  of  the  sub- 
jeet,  and  has  also  given  a  general  sketch  of  his  previous  papers.  M.  Liou- 
viRe  (Comptes  R^mIus,  xxi.  1255,  or  his  Journal,  x.  456)  has  given  a  very 
elegant  investigation  of  an  analytical  theorem  established  by  M.  Serret. 

In  the  fourte^th  volume  of  Crelles  Journal  (p.  217),  M.  Gudermann  has 
considered  the  rectification  of  the  curve  called  the  spherical  ellipse,  which  is 
one  of  a  class  of  curves  formed  by  the  intersection  of  a  cone  of  the  second 
order  with  a  sphere.  He  has  shown  that  its  arcs  represent  an  elliptic  integral 
of  the  third  kind. 

In  the  ninth  volume  of  Liouville's  Journal  (p.  155),  Mr.  W.  Roberts  proves 
that  a  cone  of  the  second  order,  wkose  vertex  lies  on  the  surface  of  a  sphere, 
and  one  of  whose  external  axes  passes  through  the  centre,  intersects  the 
^here  in  a  curve  whose  arcs  will,  according  to  circumstances,  represent  any 
eltiptie  integral  of  the  third  kind  and  of  the  circular  species ;  or  any  elliptic 
int^ial  oi  the  same  kind  and  of  the  logarithmic  species,  provided  the  angle 
of  ihe  modulus  is  less  than  half  a  right  angle ;  or  (subject  to  the  same  con- 
dition) any  elliptic  integral  of  the  first  kind ;  or  laiBtly,  by  a  suitable  modifi- 
cation, any  elliptic  integral  of  the  second  kind.    The  cases  here  excepted 
may  be  avoided  by  introducing  known  transformations.    The  cases  in  which 
the  arcs  represent  elliptic  integrals  of  the  first  kind,  Mr.  Roberts  has  pre- 
TOosly  mentioned  in  the  eighth  volume  of  Liouville's  Journal  (p.  263).    He 
has  since  given  in  the  same  Journal  (x.  297),  a  general  investigation  of  the 
salijeet,  in  which  it  is  supposed  that  the  vertex  of  the  cone  may  have  any 
position  we  please.    M.  Verhulst  has  represented  the  three  kinds  of  elliptic 
laterals  by  means  of  sectorial  areas  of  certain  curves,  and  the  function  T  by 
the  volume  of  a  certain  solid.    It  is  manifest,  however,  that  it  is  incom- 
parably easier  to  do  this  than  to  represent  these  transcendents  by  means  of 
the  arcs  of  curves. 

Beside  one  or  two  other  papers  I  may  mention  a  tract  by  the  Abbe  Tor- 
tolifli,  on  the  geometrical  representation  of  elliptic  integrals  of  the  second  and 
third  kinds.     This  tract,  however,  I  have  not  seen. 

Lagrange  long  since  proved  (vide  Th^rie  des  Fonctions  Analytiques, 
p.  85),  that  by  means  of  a  spheric^  triangle  a  geometrical  representation  of 
the  addition  of  elliptic  integrals  of  the  first  kind  m^y  easily  be  obtained,  and 
that  hencse  by  a  series  of  such  triangles  we  are  enabled  to  represent  the  mul- 
tiplication as  well  as  the  additjon  of  these  integrals. 

3fL  Jacobi  has  given  (Crelle's  Journal,  iii.  p.  376,  or  vide  Liouville's  Journal, 
^  p.  435}  a  geometrical  construction  for  the  addition  and  multiplication  of 
^pdc  integrals  of  the  first  kind.  It  is  founded  on  the  properties  of  an  irre- 
f^dar  polygon  inscribed  in  a  circle,  and  the  sides  of  which  touch  one  or  more 
"^her  circles.  It  is  to  be  remarked  that  Legendre,  in  giving  an  account  of 
*^  construction  in  one  of  the  supplements  to  his  last  work,  has  only  con- 
>^d€red  it8  application  to  multiplication  and  not  to  addition,  and  has  been 
&i!owed  in  this  respect  by  M.  Verhubt,  whose  treatise  on  elliptic  functions 
^  been  already  mentioned.  In  consequence  of  this,  M.  Chasles  was  led  to 
^^ve  that  until  the  publication  of  his  own  researches,  no  construction  for 
excepting  that  of  Lagrange  was  known.     But  he  has  recently 
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(Comptes  Rendus,  January  1846)  pointed  out  the  error  into  which  he  had 
fallen. 

27.  In  the  Transactions  of  the  Royal  Irish  Academy  (ix*  p.  151  )>  Dr. 
Brinkley  ga?e  a  geometrical  demonstration  of  Fagnani's  theorem  with  respect 
to  elliptic  arcs,  and  in  the  sixteenth  volume  of  the  same  Transactions  (p.  76)) 
we  find  Landen's  theorem  proved  geometrically  by  Professor  MacCullagh. 

M.  Chasles  has  considered  the  subject  of  the  comparison  of  elliptic  arcs 
by  geometrical  methods,  and  with  great  success.    His  fundamental  propo- 
sition may  be  said  to  be,  that  if  from  any  two  points  of  an  ellipse  we  draw 
two  pairs  of  tangents  to  any  confocal  ellipse,  the  difference  of  the  two  arcs  of 
the  latter  respectively  intercepted  by  each  pair  of  tangents  is  rectifiable. 
Or,  what  in  effect  is  the  same  thing,  if  we  fasten  a  string  at  two  points  in 
the  circumference  of  an  ellipse,  and  suppose  a  ring  to  move  along  the  string, 
keeping  it  stretched,  and  winding  it  on  and  off  the  arc  which  lies  between  its 
two  extremities,  the  ring  will  trace  out  a  portion  of  an  ellipse  confocal  to  the 
former.    If  for  the  first  ellipse  we  substitute  an  hyperbola  confocal  with  the 
second,  the  ntm  of  the  arcs  will  be  constant.    From  hence  a  series  of  theo- 
rems is  deduced,  remarkable  not  only  for  their  elegance,  but  also  for  the 
facility  with  which  they  are  obtained.    They  furnish  constructions  for  the 
addition  and  multiplication  of  elliptic  integrals.    The  whole  of  this  investi- 
gation, of  which  an  account  is  given  in  the  ^  Comptes  Rendus '  (vol.  xvii. 
p.  838,  and  voLxix.  p.  12S9)»  shows,  like  others  of  M.  Chasles's»  how  much 
is  lost  in  treating  geometrical  questions  by  an  exclusive  adherence  to  what 
may  be  called  the  method  of  co-ordination.    Invaluable  as  this  method  is, 
it  yet  often  introduces  considerations  foreign  to  the  problem  to  which  it  is 
applied*. 

III. 

28.  The  first  outline  of  a  detailed  theory  of  the  higher  transcendents  was 

fiven  by  Legendre  in  the  third  supplement  to  his  *  Traits  des  FoncUons 
lUiptiques.'    He  proposes  to  classify  the  transcendents  comprised  in  the 
general  formula 

f(x)dx 


Ju 


(x  —  a)  *i/^  X 

according  to  the  degree  of  the  polynomial  ^  x^  the  first  class  being  that  in  , 
which  the  index  of  Uib  degree  is  three  or  four ;  the  second  that  in  which  it  .. 
is  five  or  six,  and  so  on.  The  first  class  therefore  consists  of  elliptic  inte- 
grals; all  the  others  may  be  designated  as  uUra-eU^Hc,  This  epithet,  how- 
ever, which  was« proposed  by  Legendre,  has  not  been  so  generally  used  as 
hyper'MiptiCi  which  was,  I  believe,  first  used  by  M.  Jacobi.  M.  Jacobi,  how- 
ever, has  proposed  to  cal>  the  higher  transcendents  Abelian  inteffrals. 

The  principle  of  Legendre*s  cuissification  is  to  be  found  in  the  minimum 
number  of  integrals  to  which  the  sum  of  any  number  of  them  can  be  reduced* 
As  we  know,  thia  number  is  unity  in  the  case  of  elliptic  integrals,  and  by 
AbeVs  theorem  we  find  that  it  is  two  in  the  first  class  of  the  higher  trans* 
cendents,  three  in  the  next,  and  so  on. 

Following  the  analogy  of  elliptic  integrals,  Legendre  proposed  to  recognise 
three  canonical  forms  in  each  class  of  hyper-eUiptic  integrals,  and  thus  tc  •, 
divide  it  into  three  orders.    The  sum  of  any  number  of  functions  of  the  first  / 

*  M.  Chasles  hss  ilio  considered  the  subject  of  sphericsl  conies,  ss  well  as  that  of  tb 
lines  of  cnmttxre  and  shortest  lines  on  an  eUipsoid.    The  latter  has  recently  engaged  thv^ 
attention  of  several  distingnished  mathematicians— -MM.  Jacobi,  Joachimstbal,  LloiiTilU 
MacCnUagh  and  M.  Roberts  may  be  particolarly  mentioned. 


ON  THE  RECBN T  PROOBX88  OF  ANALYSIS.  7^ 

bid  wili,  when  the  reqnired  oonditions  are  satisfiedt  be  equal  to  a  constant ; 

that  of  any  namber  of  the  second  and  third  kinds  respectively  will,  under 
similar  conditions,  be  equal  to  an  algebraical  or  logarithmic  function. 

Much  the  greater  part  of  the  remainder  of  the  supplement  consists  of  a 
(bunion  of  the  particular  transcendents 

It  contains  a  multitude  of  numerical  calculations,  and  if  the  writer's  age  be 
coimdered  (he  was  then  almost  eighty),  is  a  very  remarkable  production. 
By  means  of  the  numerical  calculations  he  recognised,  as  it  were  empirically, 
tbe  values  to  be  assigned  in  different  cases  to  the  above-mentioned  constant : 
vhat  these  values  ought  to  be,  he  did  not  attempt  to  determine  d  priori. 

At  the  close  of  the  supplement  we  find  a  remarkable  reduction  of  an  inte- 
gral, apparently  of  a  higher  order  to  elliptic  integrals.  The  method  em- 
ployed has  been  generalised  by  M.  Jacobi,  in  a  notice  of  Legendre's  *  Sup- 
^ementSy'  inserted  in  the  eighth  volume  of  Crelle's  Journal  (p.  413). 

29.  In  the  ninth  volume  of  Crelle's  Journal  (p.  394),  we  find  a  most  im- 
J^oftaot  paper  by  M.  Jacobi  (Considerationes  Generates,  &c),  which  may 
be  said  to  have  determined  the  direction  in  which  the  researches  of  analysts 
iB  the  theory  of  algebraical  integrals  were  to  proceed. 

The  writer  proposes  two  questions,  both  suggested  by  the  cases  of  trigo* 
BosKtrica]  and  elliptic  functions.  First,  as  in  these  cases  we  consider  certain 
/ozictioiis  to  which  circular  and  elliptic  integrab  are  respectively  inverse,  and 
viiich  are  such  that  functions  of  the  sum  of  two  arguments  are  algebraically 
spressible  in  terms  of  functions  of  the  simple  arguments,  what  are  the  cor- 
f^nding  functions  to  which  the  hyper-elliptic  or  Abelian  integrab  are 
averse,  and  how  by  means  of  them  can  Abel's  theorem  be  stated  ? 
Secondly,  as  in  the  same  cases  we  obtain  algebraical  integrals  of  differen- 
tial equations,  whose  variables  are  separated,  but  which  nevertheless  can  only 
indirectly  integrated  by  means  of  transcendents*,  what  are  the  differential 
equations  of  which  Abel's  theorem  gives  us  algebraical  integrals  ?  These 
^0  questions  are,  it  b  obvious,  intimately  connected. 
3f.  Jacobi  first  takes  the  particular  case  in  which  the  polynomial  under  the 
ndieal  u  of  the  fifth  or  sixth  degree.  If  we  call  this  polynomial  X,  it  follows 
hot  Abel's  theorem,  that  if 

pxdx 
*?  shall  have  the  equations 

'^re  a  and  b  are  given  as  algebraical  functions  of  the  independent  quan- 
Let  fjx  +  ^y  =  tt  ^a:*  +  ^y'  =  ti* 

*  h'-j       ^-^ — y        \  =»  0,  of  which  the  algebraical  integral  is  x  ^1— y«-fy  \^1— *»  a  C. 
^  term  of  this  difierential  equation  xa  s  differential  of  a  transcendeiit  function  8in~~'jr  or 


' 
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Then  X  and  y  are  both  given  as  functions  of  u  and  v.  We  may  therefore 
put 

and  similarly, 

xi=X(ttit,i),  y'  =  X.(tt»r'); 

and  as  fa  +  f6  =  ti  +  ti> 

we  shall  have  a  =  X  (tf  +  u',  r  -h  r •) 

Hence  the  functions  X  (»  +  u*,  t;  +  »»)  and  X,  (u  +  tt»,  r  +  »*)  wre  expres- 
sible as  algebraical  functions  of  A(tf  o),  X^  (tf  «)»  X  (ti*  v*),  Xi  (ti*  v>). 

These  then  are  functions  to  which  the  integrals  are  in  a  certain  sense  in- 
▼erse^  and  which  have  the  same  fundamental  property  as  circular  and  elliptic 
functions. 

In  the  general  case  of  Abel's  theorem,  we  introduce  (when  the  degree  of 
the  polynomial  isSm  ort^m  —  1),  m^l  functions  analogous  to  X,  each 
being  a  function  of  m  —  1  variables.  These  functions  will,  it  may  easily  be 
shown,  have  the  fundamental  property  just  pointed  out  for  the  case  in  which 
m  is  equal  to  three. 

Again,  the  differential  equations  of  which  Abel's  theorem  gives  us  alge- 
braical integrals,  are»  if  the  d^ree  of  the  polynomial  X  be  five  or  six,  the 
foUowing: 

dx        dy       dz  __ 

xdx    ydy     zdz 

and  generally,  if  the  degree  of  the  polynomial  be2mor2m— 1,  there  are 
m  -^  1  such  equations,  the  numerators  of  the  last  containing  the  (m  ~  2)th 
power  of  the  variables. 

M.  Jacobi  concludes  by  suggesting  as  a  problem  the  direct  integration  of 
these  differential  equations,  so  as  to  obtain  a  proof  of  Abel's  theorem  cor- 
responding to  that  which  Lagrange  gave  of  Euler's  (vide  anie^  p.  36). 

SO.  Another  important  paper  by  M.  Jacobi  is  that  which  is  entitled  <  De 
Functionibus  duarum  VariabUium  quadrupliciter  periodicis,  etc.'  (Crelle,  xiii. 
p.  55).  It  is  here  shown  that  a  periodic  function  of  one  variable  cannot 
have  two  distinct  real  periods.  In  the  case  of  a  circular  function,  though  we 
have  for  all  values  of  x 

sin  a;  =  sin  (a;  +  2  m  w) 
=  sin(a?  <^2iiw), 

m  and  n  being  any  integers,  yet  2i»w  and  2iiw  do  not  constitute  two 
didinet  periods,  since  each  is  merely  a  multiple  of  2w,  which  is  the  funda- 
mental period  of  the  function.    But  if  we  had  for  all  the  values  of  x 

f(x)  =/{x  +  a}  =/{x  +  jS}, 
we  should  also  have 

where  m  and  n  may  be  any  integen,  positive  or  n^ative.    Hence  m  a+it  /3 
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■ift  provided  «aiid  fi  are  iiicoiiiiaeiisarable«  which  is  implied  in  their  being 
diitioet  periods,  be  made  less  than  any  assignable  quantity,  so  that  we  may 

pot 

/*=/('  +  •> 
vhere  g  is  indefinitely  small,  and  this  manifestly  is  an  inadmissible  result 
Accordingly  we  see  that  one  at  least  of  the  periods  of  elliptic  functions  Is 
neoosarily  imaginary. 
Agtin,  similar  reasoning  shows  that  in  a  triply  periodic  function,  that  is 
*  in  one  in  which  we  have 

for  every  value  of «,  m,  m',  m"  being  any  integers,  and  in  which  the  three 
periods  a+  jS  \/^,  &c.  are  dutind^  we  can  make 

/(,)  =/(, + ,) ' 

by  angning  suitable  values  to  m,  m^  m'^ ;  t  being  as  before  less  than  any 

aaignable  quantity.    Hence  as  this  result  is  inadmissible,  it   follows  that 

there  is  no  such  thing  as  a  triply  periodic  function.    Whenever  therefore  a 

finction  appears  to  have  three  periods  they  are  in  reality  not  distinct,  and 

10  afafUori  when  it  appears  to  have  more  than  three.     But  now  we  come  to 

t  difficulty.    For  M.  Jacobi  proceeds  to  show  that  if  we  consider  a  function 

/•fa  +  6  jp)dx 
of  one  variable  inverse  to  the  Abelian  integral  /  ^ —  Z^  ' ,  X  being  of 

tbe  sixth  degree  in  x,  this  function  has  four  distinct  and  irreducible  periods. 
Hu  conclusion  is  that  we  cannot  consider  the  amplitude  of  this  integral  as 
u  analytical  function  of  the  integral  itself.  In  the  present  state  of  our 
knowledge,  this  conclusion,  though  seemingly  forced  on  us  by'the  impossibi- 
%  of  recognising  the  existence  of  a  quadruply  periodic  function  of  one  va- 
riable, b  not,  1  think,  at  all  satisfactory.  The  functional  dependence,  the 
existence  of  which  we  are  obliged  to  deny,  mav  be  expressed  by  a  differen- 
tial equation  of  the  second  onler;  and  therefore  it  would  seem  that  the 
eofflmonly  received  opinion  that  every  differential  equation  of  two  variables 
^  a  primitive,  or  expresses  a  functional  relation  between  its  variables,  must 
be  abandoned,  unless  some  other  mode  of  escaping  from  the  difficulty  is  dis- 
covered. It  is  probable  that  some  simple  consideration,  rather  of  a  metaphy- 
seal than  an  analytical  character,  may  hereafter  enable  us  to  form  a  con- 
>i>tent  and  satisfactory  view  of  the  question,  and  this  I  believe  I  may  say  is 
tbe  opmion  of  M.  Jacobi  himself.  The  same  difficulty  meets  us  in  all  the 
Abelian  integrals :  as  in  the  case  of  those  of  Legendre's  first  class,  namely 
vhere  X  is  of  the  fifth  or  sixth  degree,  so  also  generally,  the  inverse  function 
bas  more  than  its  due  number  of  periodicities. 

Abel,  in  a  short  paper  in  the  second  volume  of  his  works,  p.  51,  has  in 
^ect  proved  the  multiple  periodicity  of  the  functions  which  are  inverse  to 
t^  integrals  to  which  his  theorem  relates,  tlie  difficulty  to  which  thb  gives 
rise  did  not  strike  him,  or  was  perhaps  reserved  for  another  occasion. 

M.  Jacobi  next  proves  that  his  inverse  functions  of  two  variables  are 
^ladniply  periodic,  but  that  quadruple  periodicity  for  functions  of  two  va- 
riables is  nowise  inadmissible. 

A  difficulty  however  seems  to  present  itself,  which  is  suggested  by  M. 
^nttein  in  Crelle*s  Journal,  viz.  that  if  for  each  value  of  the  amplitude 

tbetotegndf  jror/-^  (vide  st^iro,  p«75),  has  an  infinity  of  magnitudes 

1^  and  imaginary,  and  the  same  is  the  case  for  f  y,  it  is  by  no  means  easy  ' 
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attach  a  definite  sense  to  the  equation  ti  =  ^  a;  +  f  y?  or  to  see  how  the  value 
of  u  is  determined  by  it  ♦. 

31.  Two  divisions  of  the  theory  of  the  higher  transcendents  here  suggest 
themselves,  which  are  apparently  less  intimately  connected  than  the  corre- 
sponding divisions  in  the  theory  of  elliptic  functions,  viz.  the  reduction  and 
transformation  of  the  integrals  themselves,  and  the  theory  of  the  inverse 
functions. 

But  before  considering  these  I  shall  give  some  account  of  vhat  has  been 
done  in  fulfilment  of  the  suggestion  made  by  M.  Jacobi  at  the  close  of 
the  ^  Considerationes  Generales.'  Mathematicians  have  succeeded  in  effect- 
ing the  integration  of  the  system  of  differential  equations  to  the  consideration 
of  which  we  are  led  by  Abel's  theorem,  and  which  is  commonly  designated 
by  German  mathematicians  as  the  *'  Jacobische  system ;  **  its  existence  and 
its  integrability  having  beey  first  pointed  out  by  M.  Jacobi. 

In  Crelle's  Journal  (xxiii.  354),  M.  Richelot,  after  modifying  the  form  in 
which  Lagrange's  celebrated  integration  of  the  difierential  equation  of 
elliptic  integrals  is  genersdly  presented,  extended  a  similar  method  to  the 
system  of  two  differential  equations  which  occurs  when  we  consider  the 
Abelian  transcendents  of  the  first  class.  He  thus  obtains  one  algebraical 
integral  of  the  system.  In  the  case  of  Lagrange's  equation  one  integral  is 
all  we  want;  but  in  that  which  M.  Richelot  here  discusses  we  require 
two.  Now  if  in  the  former  case  we  replace  each  of  the  variables  by  its  reci- 
procal, we  obtain  a  new  differential  equation  of  the  same  form  as  the  original 
one,  and  integrable  therefore  in  the  same  manner ;  and  if  in  its  integral  we 
again  replace  each  new  variable  by  its  reciprocal,  that  is  by  the  original  va- 
riable, we  thus,  as  it  is  not  difficult  to  see,  get  the  integral  of  the  original 
equation  in  a  different  form.  That  the  two  forms  are  in  effect  coincident 
may  be  Verified  a  posteriori.  But  the  same  substitutions  being  made  in  M. 
Richelot's  equations,  which  are  of  course  those  we  have  already  mentioned 
at  p.  76,  the  first  of  them  becomes  similar  in  form  to  the  second,  and  vice 
versd  the  second  to  the  first.  Thus  the  system  remains  similar  to  itself;  and 
if  in  the  algebraical  integral  we  obtain  of  it  we  again  replace  the  new  vari- 
ables by  their  reciprocals,  we  fall  on  a  new  algebraical  integral  of  the  original 
system ;  this  integral  being,  which  is  remarkable,  independent  of  that  pre- 
viously  got.  Thus  the  system  of  two  equations  is  completely  integrated. 
Extending  his  method  to  the  general  system  of  any  number  of  equations, 
M.  Richelot  obtains  for  each  two  integrals,  but  of  course  these  are  not  all 
that  we  want.  At  the  conclusion  of  his  memoir  M.  Richelot  derives  from 
Abel's  theorem  the  algebraical  integrals  of  the  **  Jacobische  systenu** 

Though  in  this  memoir  M.  Richelot  only  obtained  by  direct  integration 
two  of  the  m— 1  algebraical  integrals  of  the  "  Jacobische  system,"  yet  he  put 
the  problem  of  its  complete  integration  into  a  convenient  and  symmetrical 
form.  As  there  are  m  variables  and  m  —  1  relations  among  them,  we  may 
suppose  each  to  be  a  functioi^  of  an  independent  variable  t,  Lagrange,  as 
yre  know,  in  integrating  the  equation 

dx        dy  ^ 

*  The  difficulty  here  mentioned  may  perhaps  be  met  by  saying  that  the  value  of  ^«  de- 

tcmuned  by  the  integral  /    "^^^  la  necessarily  determinate,  and  so  likewise  b  that  of  «. 

That  considerations  connected  with  the  conception  of  a  innction  inverae  to  f «  make  the 
latter  quantity  appear  indeterminate  is  undoubtedly  a  difficulty ;  but  it  is,  so  to  speak,  a 
difficult  coUaAend  to  M.  Jacobi's  theory,  and  thcrdors  need  not  prevent  oir  Met ptiog  it. 
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dx 

introdaced  such  an  independent  variable  by  the  assumption  —  =  i/^,  which 

ofcottne  implied  that  ^  r=  —  ^Y.    This  assumption  is  unsymmetrical, 


it  is  therefore  difficult  to  see  how  to  generalise  it    But  if  we  assume 

dx     ^x  dy      i/y 

^= ,  we  shall  of  course  ^▼C't;  = » <^^  therefore  t  is  symme« 

trically  redated  to  x  and  y.  Let  F  fi  =  0  be  an  equation  whose  roots  are 
t  and  y,  then,  as  we  know,  when  ti  =  x,  F«=sf— y  and,  when  «  =s  y , 
Ftt=y  —  J*,  so  that  using  an  abbreviated  notation 

dt-W{i)^'^dt-YHii 

Nothing  is  easier  than  to  generalise  this  result    For  instance,  the  *' Ja* 
eobische  system  **  of  two  equations  is 

dx        dy       dz     '* 

xdx     ydy      zdz 

Now  if  F  tf  ss  0  have  4r,  y,  z  for  its  roots,  the  two  preceding  equationi 
isty,  in  virtue  of  a  very  well*known  theorem,  be  replaced  by  the  three  follow- 


dt-Wli'    di-ff^^    di^Y^y 

vbich  introduce  an  independent  variable  I,  symmetrically  related  to  x,  y  and 
t;  and  so  in  all  cases, 

M.  Richelot  *  then  takes  a  symmetrical  ftinction  of  jt,  y, .  •  •  ;Sy  vis.  their 
nm,  and  by  means  of  the  last  written  equations  arrives  at  an  integrable  dif« 
fovntial  equation  of  the  second  order,  the  principal  variable  being  the  said 

*  Ai  M.  Rkhelot's  method  of  daooastimtiiig  Boler't  theorem  is  mora  lymmsiricd  sad 
v  mora  esttly  remembtrad  than  Lsgnnn'B,  it  ought,  I  think,  to  be  introdaced  into  all 
t^oneiitaiy  works  on  elliptic  functiona.    The  equation  to  be  integrated  being 

^*  ,  ,  dy  ^^ 

dt  y  — 4P 

httptms  +  y*    Then  after  a  few  ohrieiiB  reduetions 

.     -  i(y- *)  (y»-  a*)  +  iCy"  -  ««)», 
^il|«tnieal  Wsgnl  soagbt   It  may  oasily  be  expvenedin  othar  foimt. 
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sum,  and  the  indepeadent  variable  being  i.  From  the  first  integral  of  this 
equation  it  is  ea^y  to  eliminate  the  differentials,  and  we  have  thus  an  alge- 
braical relation  in  a?,^,  • . .  z,  from  which,  in  the  manner  already  mentioned, 
M.  Richelot  deduces  another.  We  now  see  that  if  we  could  find  any  other 
symmetrical  function  which  would  lead  to  an  integrable  equation  we  should 
get  a  finite  relation  among  the  variables. 

In  the  next  volume  of  Crelle  s  Journal  M.  Jacobi  took  the  following  func- 
tion as  his  principal  variable, 

\^  {(f*  -  ')  (f*  -y)  •  •  •  (^  -  ^)}' 

fi  being  a  root  of  X  =  0  or  fx  =  0  if  we  suppose  X  =/x.  Calling  thb 
function  v,  we  get  a  simple  differential  equation  in  v  and  t,  and  a  correspond- 
ing integral  of  the  system.  Now/x  =:£  0  has  2  m  or  2  m  —  1  roots,  and  we 
only  want  m  —  1  integrals.  The  integral  therefore  which  we  get  by  making 
fu  the  first,  second,  &c.  root  of/x  ss  0  are  not  all  independent 

In  the  twenty-fifth  volume  of  Crelle*s  Journal  M.  Richelot  resumed  the 
subject  of  his  former  paper,*' and  discussed  it  in  a  very  interesting  memoir. 
This  fundamental  or  principal  result  may  be  said  to  be  a  generalisation  of 
M.  Jacobi's.     It  is  that  in  the  function 

^  {(ft  -  *)  (ft  -y) ... (/i  -  z)} 

II,  may  have  any  value  whatever.  The  resulting  differential  equation, 
though  rather  more  complicated  than  when,  with  M.  Jacobi,  we  suppose  fju 
a  root  of/x  =  0,  is  still  very  readily  integrable.  We  have  thus  an  indefi- 
nite number  of  algebraical  integrals,  since  the  quantity  ft  is  arbitrary,  but 
of  course  not  more  than  m  ^  1  of  them  are  independent 

In  the  same  volume  of  Crelle's  Journal,  p.  178,  there  is  a  curious  paper  by 
Dr.  Hoedenkamp,  in  which  the  algebraical  integrals  of  Jacobi's  system  are 
for  the  case  of  a  polynomial  of  the  fifth  degree  under  the  radical  deduced 
from  geometrical  considerations.  It  is  shown  that  in  a  system  of  curvilinear 
coordinates  (those  of  which  MM.  Lam6  and  Liouville  have  made  so  much 
use),  the  equations  of  the  system  are  the  differential  equations  given  by  the 
Calculus  of  Variations  for  the  shortest  line  between  two  points.  Conse- 
quently the  finite  equations  of  a  straight  line  are  the  integrals  sought  This 
very  ingenious  consideration  is  afterwards  generalised. 

32.  In  the  twelfth  volume  of  Crelle's  Journal,  p.  181,  M.  Richelot  has 
considered  the  Abelian  integral  of  the  first  class.  The  principal  result  at 
which  he  arrives  is,  that  the  only  rational  transformation  by  means  of  which 
such  an  integral  may  be  changed  into  one  of  similar  form  is  linear  in  both 
the  variables  which  it  involves.  By  means  of  this  substitution,  be  transforms^ 
under  certain  conditions,  the  integral  in  question  into  a  form  analogous  to 
the  standard  forms  of  elliptic  integrals.  The  subject  of  the  division  of  hyper- 
elliptic  integrals  of  each  class  into  three  genera  is  also  considered,  and  the 
same  principle  of  classification  as  L^endre's  b  made  use  of.  The  paper 
concludes  by  pointing  out  an  error  which  Legendre  committed  in  the  appli- 
cation of  his  principle.    Legendre  had  thought  that  the  formula  of  summa- 

-7=  could  not 

involve  a  logarithmic  function.  Thus  these  integrals  would  belong  to  the 
first  or  second  kind,  according  to  the  value  of  the  index  «,  and  of  A  the  degree 
of  f  X.  But  in  reality,  though  the  integrals  in  question  are  of  the  first  kind. 
(that  is,  they  admit  of  summation  without  introducing  either  an  algebraical 
or  logarithmic  function)  if  e  be  less  than  a  certain  limit,  yet  if  it  be  not  so 
their  formula  of  summation  will  in  general  involve  both  algebraical  and  logo,- 
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rithmic  fttnctions.  Either  may,  under  certain  conditions  as  to  the  form  of 
fiy  doappear,  but  while  f  x  is  merely  known  as  the  polynomial  of  the  Ath 
<%rK|  we  cannot  decide  whether  the  integral  is  to  be  referred  to  the  second 
or  third  kind 

I  may  mention  here  a  very  degant  result  due  to  M.  Jacobi.  It  appears  in 
tbe  thirtieth  volume  of  Crelle's  Journal,  p.  121,  and  is  a  generalisation  of  the 
fQudaffiental  formula  for  the  addition  of  elliptic  arcs.  With  a  slight  modifi- 
cation it  may  be  thus  stated.    If  f  x  involve  only  even  powers  of  x^  the 

iiighest  beiag  ^*y  then  the  sum  of  the  integrals  /    —: — --    is  equal  to 

Jq  V(p(x) 

tk  product  of  their  arguments,  that  is  of  the  different  quantities  denoted  by 
the  symbol  X.  In  this  case  then  the  logarithmic  function  disappears,  and 
the  iot^ml  belongs  to  the  second  kind. 

In  the  twenty-ninth  volume  of  Crelle's  Journal  there  is  a  paper  by  M. 
Ricbelot  on  a  question  connected  with  hyper-eliiptic  integrals.  The  reader 
"^  find  in  it  a  good  many  fully-developed  results,  which  may  be  considered 
ai  particular  cases  of  Abel's  theorem.  They  illustrate  the  learned  author's 
criticism  of  Legendre's  classification  of  hyper-elliptic  integrals,  though  they 
^  not  adduced  for  that  purpose. 

The  function  M  (vide  ante,  p.  S8)  is  a  function  of  the  arbitrary  quantities 
^  ^>  •  • .  c,  which,  as  has  been  remarked,  may  themselves  be  considered  func- 
tions of  the  arguments  Xi,  x,,  • . .  x^.     To  determine  M  as  a  function  of  the 

^-written  quantities  is  a  necessary  ulterior  step  in  almost  any  special  appli- 
<^0Q  of  Abel's  theorem,  and  this  M.  Richelot  has  done  in  several  interesting 
c^  establishing  at  the  same  time  the  relations  which  exist  among  the 
quantities  m  question.  His  investigations,  however,  have  an  ulterior  purpose, 
^  are  not  to  be  considered  merely  as  corollaries  from  Abel's  theorem. 
Another  paper  of  M.  Richelot,  on  the  subject  of  the  Abelian  integrals,  is 
^mi  in  the  sixteenth  volume  of  Crelle's  Journal,  p.  221.  The  aim  of  it  is 
to  famish  the  means  of  actually  calculating  the  value  of  the  Abelian  integral 
<^fthe  first  class  by  a  method  of  successive  transformation,  that  is,  by  a  method 
^laiogous  to  that  used  for  elliptic  integrals.  M.  Richelot's  process  depends 
<^entially  on  an  irrational  substitution,  by  means  of  which  we  can  replace 
^proposed  integrals  by  two  others  which  differ  only  with  respect  to  their 
ui&it&  Id  the  development  of  this  idea  the  author  confines  himself  to  the 
^  kind  of  the  Abelian  integrals  of  the  first  class,  though  the  same  method 
^  n .  m  •  be  more  generally  applied  \  From  the  formula  which  expresses 
'^proposed  integral  as  the  aggregate  of  two  others  is  deduced  another,  in 
'hich  it  is  expressed  by  means  of  four  integrals,  the  inferior  limits  of  all  being 
^  The  first  and  second  of  these  integrals  differ  only  in  their  amplitude, 
^  the  same  is  true  of  the  third  and  fourth.  There  are  two  principal  trans- 
''^^^Bations,  either  of  which  may  be  repeated  as  often  as  we  please ;  and  though 
^  ought  seem  that  the  number  of  integrals  would  in  the  successive  trans- 
Hinoations  increase  in  a  geometrical  progression,  yet  by  the  application  of 

I  Abel's  theorem  we  can  always  reduce  them  to  the  same  number.     Byit  the 
^^ereiopDient  of  this  part  of  the  subject  M.  Richelot  has  reserved  for  another 

•  ^scasionf. 

n»  mtMral  to  be  tzansfbrmed  is  — ; ^ i ~,  M  and 

^{^(l-z)(l-^z)(l-x2r)(l-^az)} 

^tc  being  constant. 

*  His  trcDsfoniia^ns  ultimately  reduce  the  hyper-elliptic  integral  to  .elliptic  integrals; 
^ktter  may  be  considered  Imown  quantities,  **  vel  per  paucaa  a^jectas  transfonnationes 
^Wecwaputentnr." 

18*6.  o 
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At  the  dose  of  his  memoir,  M •  Richelot  has  given  some  numerical  exam* 
pies  of  his  method  for  the  case  of  a  complete  hyper^elliptic  integral.  The 
third  example  he  had  previously  given  in  a  brief  notice  of  his  researches, 
published  in  No.  31 1  of  Schumacher's  Journal. 

33.  For  many  years  after  the  dearth  of  Legendre  the  subject  of  the  com- 
parison of  transcendents  was  studied  principally  by  German  and  Scandi- 
navian writers* :  a  young  French  mathematician,  M.  Hermite,  has  recently 
made  important  discoveries  in  thb  theory ;  but  as  the  principal  part  of  what 
he  has  done  is  as  yet  not  published,  a  very  imperfect  outline  is  all  that  can 
be  given. 

In  the  seventeenth  volume  of  the  ^  Comptes  Rendus '  we  find  the  report 
of  a  commission,  consisting  of  MM.  Lamd  and  Liouville,  on  a  memoir  pre- 
sented to  the  Institute  by  M.  Hermite.  This  report  is  reprinted  in  the  eighth 
volume  of  Liouville's  Journal,  p.  502.  A  remark  which  incidentally  occurs 
in  it,  namely,  that  Abel  was  the  first  to  give  the  general  theory  of  the  divi- 
sion of  elliptic  integrab,  led  to  a  very  warm  discussion  between  MM.  Liou- 
ville and  Libri,  on  the  subject  of  the  claims  which,  as  I  have  already  remarked, 
the  latter  had  made  with  reference  to  this  theory. 

It  appears  from  the  report,  that  M.  Hermite  has  succeeded  in  solving  the 
problem  of  the  division  of  hyper-elliptic  integrals.  The  division  of  elliptic 
integrals  depends  on  the  solution  of  an  algebraical  equation ;  that  of  the 
hyper-elliptic  integrals  (as  the  functions  inverse  to  them  involve,  as  we  have 
seen,  more  than  one  variable),  on  the  solution  of  a  system  of  simultaneous 
algebraical  equations.  This  solution  can,  M.  Hermite  has  shown,  be  effected 
by  means  of  radicals  asuming,  as  in  the  analogous  case  of  elliptic  functions, 
the  division  of  the  complete  integrals.  M.  Hermite  s  method  depends  for 
the  most  part  on  the  periodicity  of  the  functions  considered.  A  transcen- 
dental expression  of  the  roots  of  the  equation  of  the  problem  having  been 
obtained,  their  algebraical  values  are  deduced  from  it 

These  researches,  in  themselves  of  great  interest,  are  yet  n&ore  interesting, 
when  we  consider  how  completely  they  justify  the  views  of  M.  Jacobi  as  to 
the  manner  in  which  Abel's  theorem  ought  to  be  interpreted,  by  showing 
that  his  theory  of  the  higher  transcendents  is  no  barren  or  artificial  gene- 
ralisation. 

At  page  505  of  the  volume  of  Liouville's  Journal  already  mentioned,  we 
find  an  extract  from  a  letter  of  M.  Jacobi  to  M.  Hermite,  in  which,  after 
congratulating  him  on  the  important  discovery  he  had  made,  he  points  out 
that  the  transcendental  functions  A  (tit;),  X^(uv)  (videayile,  p.  76)  are  alge* 
braical  functions  of  transcendental  functions  which  involve  but  one  variable. 

M.  Hermite's  subsequent  researches  have  embraced  a  much  more  general 
theory  than  that  of  the  Abelian  integrals,  namely,  that  of  the  integrals  ol 
any  dgebraical  function  whatever.  Thus  his  views  bear  the  same  relation 
to  Abel's  general  theory,  developed  in  the  *  Savans  Etrangers,'  that  those  oi 
M.  Jacobi  in  the  *  Considerationes  Generales '  do  to  Abel's  theorem. 

All  that  has  yet  been  published  with  respect  to  them  is  contained  in  thi 
*  Comptes  Rendus,'  xviii.  p.  1133,  in  the  form  of  an  extract  of  a  letter  fron 
M.  Hermite  to  M.  Liouville.  This  extract  is  reprinted  in  Liouvilie's  Journal 
ix.  p.  353.     It  was  communicated  to  the  Institute  in  June  1844. 

Following  the  course  of  M.  Jacobi*s  inquiries,  M.  Hermite  proposed  t 
determine  what  are  the  differential  equations  of  which  Abel's  investigation 
give  the  complete  algebraical  integrals.    When  this  is  done  it  suggests  lb 


*  The  papen  of  M.  Liouvills,  already  noticed,  may  be  said  to  be  an  axoq^a  to 
remark. 


1 


ON  THB  RECBNT  FBOOBBIS  OP  ANALTBIB.  8S 

Biliire  of  the  inyene  functioiift  which  are  to  be  introduced*  The  number 
of  these  functions  will  of  course  varj  in  different  caseA,  just  as  in  M.  Jacobi'a 
leu  genend  theory.  Let  us  suppose  this  number  to  be  denoted  by  /,  then 
each  function  will  involve  y  variables.  And  if  each  of  these  vanables  be 
replaced  by  the  sum  of  two  new  variables,  then  all  the  functions  are  given 
as  the  root«  of  an  equation  of  the  7^  degree»  whose  coefficients  are  rational 
ia  terms  of  the  corresponding  functions  of  each  of  the  new  variables  and  of 
certain  known  alffebraical  functions*  From  hence  is  derived  the  theory  of 
tiie  periodicity  of  these  functions. 

After  some  other  remarks  on  the  theory  of  the  higher  transcendents,  M. 
Hermite  states  that  the  method  of  division  of  which  he  made  use  in  the 
problem  of  the  division  of  Abelian  integrab  extends  also  to  the  new  trans- 
eendents  now  considered,  but  that  in  Uie  theory  of  transformation  he  had 
not  as  yet  been  successful.  The  greater  part  of  the  remainder  of  this  re- 
markable communication  relates  to  elliptic  functions,  and  has  been  already 
noticed.  The  remark  just  mentioned  as  having  been  made  by  M.  Jacobi  for 
ths  functions  which  are  inverse  to  the  Abelian  integrals,  extends,  M.  Hermite 
observes,  to  the  functions  which  he  considers. 

In  eoffclnsion,  M.  Hermite  remarks  that  the  method  of  differentiation  with 
respect  to  the  modulus  of  which  Legendre  made  so  much  use  in  the  theory 
of  dliptic  functions,  may  be  applied  to  all  functions  of  the  form 

where  y  is  given  by  the  equation 

y"  -  X  =  0. 

In  concluding  this  report,  it  may  be  remarked  that  the  subject  of  it  is  still 
iseoraplete,  and  that  there  is  yet  much  to  be  done  which  we  may  hope  it 
iriQ  not  be  found  impossible  to  do.  It  is  however  difficult  to  predict  the 
diieetion  in  which  progress  will  hereafter  be  made.  Yet  I  think  we  may 
reasonably  suppose  that  the  question  of  multiple  periodicity,  from  the  para- 
doxical aspect  in  which  it  has  presented  itself,  and  from  its  connexion  with 
the  geneni  principles  of  the  science  of  symbols,  will  sooner  or  later  attract  the 
attention  of  all  philosophical  analysts.  M .  Liouville's  idea  of  considering  the 
eonditiotts  to  which  a  doubly  periodic  function  must  as  such  be  subject,  can 
scarcely  be  developed  or  extended  to  the  higher  transcendents  without  leading 
to  results  of  great  generality  and  interest. 

The  detailed  discussion  of  different  classes  of  algebraical  integrals,  their 
tiansformations  and  reductions,  form  an  endless  subject  of  inquiry.  But  in 
tte,  aa  in  other  cases,  the  increasing  extent  of  our  knowledge  will  of  itself 
tend  to  diminish  the  interest  attached  to  the  full  development  of  particular 
portiooa  of  it;  and  with  reference  to  analytical  problems  arising  out  of 
qwstiot»  of  physical  science,  the  theory  of  the  higher  transcendents  will  it 
is  probable  never  become  of  so  much  importance  as  the  theory  of  elliptic 
^mctioos.  We  have  occasion  to  make  use  of  circular  much  more  frequently 
tban  of  elliptic  functions,  and  similarly  we  shall,  it  may  be  presumed,  have 
ics  frequently  to  introduce  the  higher  transcendents  than  elliptic  functions. 
Nttmencal  calculations  of  the  values  of  the  higher  transcendents  are  therefore 
leai  iioportant  than  similar  calculations  in  the  case  of  elliptic  functions*. 

*  The  Academy  of  Sciences  has  proposed  as  the  subject  of  the  great  mathematiesl  prize 
^  1846  the  following  question : — "  Perfectionner  dans  quelqae  point  essentiel  la  th^oii" 
^  IbiKtiona  ab^ennes  on  plus  g^n^ralement  des  transcendantes  qui  r^sultent  de  U  cc 
•i^stioii  des  int^^rales  de  quantity  alg^briqaes."    The  memoin  are  to  be  sent  In  bef 
^  1st  of  October. 
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The  following  index  is  intended  to  contain  references  to  all  the  papers  in 
the  first  thirty-one  volumes  of  Crelle's  Journal,  and  in  the  first  ten  volumes 
of  Liouville's  Journal,  more  or  less  connected  with  the  subject  of  this  report, 
together  with  a  considerable  number  of  others. 

In  the  following  Index  CreUe*s  Journal  is  denoted  by  C,  LtowiUei  by  L^ 

and  the  present  Report  by  R. 

Oil  iM* 

Abel.    Ueber  die  Integration  der  differential  Formel  A—  wenn  R  and  p 

V  R 

ganze  Functionen  sind.  — C.  i.  185.  This  paper  contains  formulae  of  re- 
duction. It  is  mentioned  by  M.  Liouville,  *  Journal  de  I'Ecole  Polytech- 
nique/  23d  cah.  p.  38.  It  appears  in  French  in  Abel's  collected  works, 
torn.  i.  33. 

Recherches  sur  les  Fonctions  EUiptiques. — C.  ii.  101,  and  iii.  160 
[1827].     V.  Abel's  works,  i.  Ul ;  also  R.  p.  57. 

-•  Remarques  sur  quelques  Propri6tes  G6n6rales  d'une  certaine  sorte 
de  Fonctions  Transcendantes. — C.  iiL313.  This  paper  contains  the 
theorem  commonly  known  as  *  Abel's  Theorem.'  V.  Abel's  works, 
i.  268 ;  also  R.  p.  40. 

n.  Sur  le  Nombre  de  Transformations  Differentes  qu'on  pent  faire  subir 
a  une  Fonction  Eiliptique  par  la  Substitution  d'une  Fonction  donn^e 
du  premier  dess6. — C.  iii.  S94.     V.  Abel's  works,  i.  309. 

-.  Th^oreme  G6n6ral  sur  la  Transformation  des  Fonctions  EUiptiques 
de  la  seconde  et  de  la  troisidme  espece. — C.  iii.  402.  The  theorem  is 
stated  without  demonstration.    V.  Abel's  works,  i.  317. 

-.  Note  sur  quelques  Formules  EUiptiques. — C.  iv.  85*  This  paper  con- 
tains developments  of  elliptic  functions,  &c.     V.  Abel's  works,  i.  299. 

-k  Th^oremes  sur  les  Fonctions  EUiptiques.^ — C.  iv.  194*  They  relate 
to  the  demonstration  of  the  theorem  stated  by  M.  Jacobi  in  the  third 
volume  of  Crelle's  Journal)  p.  86,  by  means  of  which  Abel's  method 
for  the  division  of  elliptic  int^rals  is  greatly  simplified.  V.  Abel's 
works,  i.  318 ;  also  R.  p.  59* 

Demonstration  d'une  Propriety  G^nerale  d'une  certaine  Classe  de 
Fonctions  Transcendantes. — C.  iv.  200.  This  short  paper  contains  the 
fundamental  idea  of  the  memoir  presented  to  the  Institute  in  1826. 
V.  Abel's  works,  i.  324 ;  also  R.  p.  40. 

-.  Pr6cis  d'une  Th6orie  des  Fonctions  EUiptiques. — C.  iv.  236  and  309. 
This^^^m  was  left  unfinbhed.    V.  Abels  works,  i.  326 ;  also  R.  p. 65* 

•*  Extracts  from  Letters  to  M.  Crelle,  one  of  which  relates  to  the  com- 
parison of  Transcendents. — C.  v.  336. '  V.  Abel's  works,  ii.  253. 

A  Letter  to  M.  Legendre. — C.  vi.  73.  Works,  ii.  256.  It  contains  a 
theorem  proved  by  M.  Ramus  in  the  twenty -fourth  volume  of  Crelle's 
Journal,  p.  7^ ;  and  another,  proved  by  M.  Liouville  in  the  twenty-third 
cahier  of  the  'Journal  de  I'Ecole  Polytechnique.'     V.  R.  p.  41  and  p.  70. 

-»  M^moire  sur  une  certaine  classe  de  Fonctions  Transcendantes.  Pre- 
sented to  the  Institute,  Oct  30, 1826,  published  in  1841  in  the '  M^moires 
des  Savans  Etrangers,'  vii.  176.  It  is  the  only  memoir  of  Abel's  not 
contained  in  the  collected  edition  of  his  works  published  in  1 839 ;  the 
editor,  M.  Holmboe,  not  having  been  able  to  procure  a  copy  of  it. 
V.  R.  p.  39. 

Solution  d'un  Probldme  G^n^ral  concemant  la  Transformation  des 
Fonctions  EUiptiques. — Schumacher's  Astronomische  Nachrichten,  No. 
138,  vi.  365.     V.  Abel's  works,  i.  253 ;  abo  R.  p.  62. 
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Abel.  Addition    au   M^moire  Pr^^dent — Schomachef  s  ABtronomiiche 

Nach.    No.  147,  vii.  33.    V.  Abel's  works,  i.  275 ;  also  R.  ubi  $upra. 

The  foUowing  papers  were  published  for  the  first  time  in  Abel's  col« 
lected  works.     The  references  are  to  the  second  volume : — 
— *    Propri^t^  remarquables  de  la  Fonction  y=^x,  etc.,  p.  51.     The 

multiple  periodicity  of  a  function  inverse  to  a  hyper-elliptic  integral  is 

here  mentioned.    V.  R.  p.  77< 
— *    Sur  une  Propri6t6  remarquable  d'une  Classe  tr^  ^tendue  de  Fonc- 

tions  Transcendantes,  p.  54.     This  paper  contains  a  generalisation  of  a 

theorem  relating  to  elliptic  functions. 
— »    Extension  de  la  Th6orie  Pr^6dente,  p.  58. 
— .    Sur  la  Comparaison  des  Fonctions  Transcendantes,  p.  66.    Tliis  paper 

contains  a  somewhat  fuller  development  of  his  general  theory  than  that 

which  is  inserted  in  the  fourth  volume  of  Crelle's  Journal,  p*  200. 

V.  R.  p.  40. 
-— .    Tbiorie  des  Transcendantes  EUiptiques,  p.  93.    V.  Rv  p.  66. 
— -    D^onstration  de  quelques  Formules  Elliptiques,  p.  210. 
Broch.    Sur  quelques  Propriety  d'une  certaine  classe  des  Fonctions  Trans- 

ceodantes. — C.  xz.  178.    An  extension  of  AbeFs  theorem.    V.  R.  p.  40. 
— .    M^moire  sur  les  Fonctions  de  la  forme 

yi»-r/>-l  F(«P)(R(4rP))^''''rfx,  etc.— C.  xxiii.  145  and  201. 

This  memoir,  of  which  the  first  part  may  be  considered  a  generalisation 
of  the  preceding,  is  accompanied  by  a  report  of  MM.  Liouville  and 
Cauchy.     V-R.  p.41. 

Bronwin.  On  Elliptic  Functions. — Camb.  Mathematical  Journal,  iii.  123. 
Mr.  Bronwin  puts  the  transcendental  formula  of  transformation  in  a 
very  neat  form. 

— .  On  M.  Jacobi*8  Theory  of  Elliptic  Functions.— Lond.,  Ed.  and  Dub. 
Phil.  Mag.  xxii.  258.    V.  R.  p.  53. 

— .  Reply  to  Mr.  Cayley's  Remarks. — L.,  E.  &  D.  Phil.  Mag.  xxiii.  89. 
V.  R.  tun  supra. 

Catalan.  Sur  la  Reduction  d*une  Classe  d'lnt^grales  Multiples. — L.  iv.  323. 

— »  Sur  lea  Transformations  des  Variables  dans  les  Integrates  Multiples. 
M^moires  Couronnis  par  TAcad^mie  Royale  de  Bruxelles,  xiv.  2de 
partie,  p.  1.  The  thiid  part  contains  a  transformation  of  a  multiple 
integral  leading  to  properties  of  hyper*elliptic  integrals  analogous  to 
known  properties  of  elliptic  integrals. 

Caucht.     Comptes  Rendus,  xvii.  825.—- V.  R.  p.  69. 

Catlet.  M6moire  sur  les  Fonctions  doublement  Periodiques. — L.  x.  385. 
An  enlargement  of  his  paper  on  the  inverse  elliptic  functions,  published 
in  the  fourth  volume  of  the  Cambridge  Mathematical  Joumid.  V.  R. 
p.  69. 

' — w  Remarks  on  the  Rev.  B.  Bronwin*s  paper.— L.,  E.  and  D.  Phil.  Mag. 
xxii.  358. 

— •  Investigation  of  the  Transformation  of  certain  Elliptic  Functions. — 
L,  E.  and  D.  Phil.  Mag.  xxv.  352.    V.  R.  p.  69. 

' — •  On  the  Inverse  Elliptic  Functions. — Camb.  Math.  Journal,  iv.  257* 
V.  R.  p.  69- 

^HASLEs.  Comptes  Rendus  de  Tlnstitut,  xvii.  838,  and  xix.  1239.  M. 
Chasies  in  these  two  conununications  presents  to  the  Institute  notices 
of  his  geometrical  researches  illustrative  of  the  theory  of  elliptic  func- 
tions.   V.  R.  p.  74. 
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Clactsxit.    Schumacher's  Nachrichten,  xix.  178.    On  a  partiealar  Integral 
mentioned  by  Legendre. 

>  Schumachers  Nachrichten,  xix.  181.  It  is  shown  that  the  arcs  of 
one  of  the  curves,  known  as  the  Spirica  of  Perseus,  may  be  rectified 
by  means  of  an  elliptic  integpral. 
EisxNSTBiN.  Th^ordmes  sur  les  Formes  Cubiques. — C.  zxvii.  75.  At  the 
end  of  this  paper  we  find  some  developments  of  elliptic  functions  in  con- 
tinued fractions.  This  subject  is  continued  in  the  following  paper  of 
M.  Eisenstein's. 

*    Transformations  remarquables  de  qnelque  S&ries.*-^.  xxvii.  19S. 
and  xxviii.  36.    See  also  Theorema,  C.  xzix.  96. 

Bemerkungen  zu  den  elliptischen  und  Abelschen  Transcendenten.F^- 
C  xxvii.  185.  M.  Jacob!  has  criticised  this  paper  (of  which  a  trans- 
lation appears  in  Liouville*s  Journal,  x.  445)  in  the  thirtieth  volume  of 
Crelle's  Journal. 

Elementare  Ableitung  einer  merkwiirdiger  Relation  zwischen  zwei 
unendlichen  Producten.-^C.  xxvii.  285.    V.  R.  p.  70. 

Beitrage  zur  Theorie  der  Elliptischen  Functionen.-— C.  xxx.  185, 
211.    This  paper  contains  a  demonstration  of  the  fundamental  formula 
of  elliptic  functions.    V.  R.  p.  71. 
GuDERMANN.    lutcgralia  Elliptica  Tertise   Speciei  Reducendi  Methodus 
Simplicior,  &c— C.  xiv.  159, 185.    V.  R.  p.  68. 

Einige  Bemerkungen  uber  Elliptische  Functionen^— C.  xvi.  78. 
-    Series  novae  quarum  ope  IntegnlitL  Elliptica  Primse  et  Secundae 
Speciei  computantur,  Ac* — C.  xvi.  366.  and  xvii.  382. 

Theorie  der  Modular  Functionen  und  der  Modular  Integrals — 
C.  xviii.  1,  142,  220,  303;  xix.  46,  119,  244;  xx.  62, 103;  xxL  240; 
xxiii.  301 ;  xxv.  281.  A  systematic  treatise  on  elliptic  functions.  V. 
R.  p.  69. 
GOtzxaff.  .£quatio  Modularis  pro  Transformatione  Functionum  Ellipti- 
carum  Septimi  Ordinis. — C.  xii.  173.    V.  R.  p.  68. 

Haedenkamp.    De  Transformatione Inteirralis  /  /  ..  .  ■ — ^.  , -tt* 

^       yy  ^(sin^y— sm«f  cos*^') 
— C.  XX.  97.    It  is  shown  to  be  the  product  of  two  elliptic  integrals. 
■  *     Ober  Transformation  vielfacher  Integrale. — C.  xxii.  184.     Analo- 
gous to  the  researches  of  M.  Catalan  in  the  *  M^moires  de  Bruxelles,' 
which  appears  to  have  been  previously  published. 
— .     Cber  Abelsche  Integrale. — C.  xxv.  178.    V.  R.  p.  80. 
Hbrmite.     Sur  la  Th6orie  des  Transcendantes  d  Diff§rentielles  Alg^briques. 
-     — L.  ix.  353.    Extracted  from  the  *Comptes  Rendus'  [June  1844]. 
This  note,  which  contains  scarcely  more  than  an  indication  of  M.  Her- 
mite's  results,  may  be  said  to  mark  the  furthest  advance  yet  made*  in 
the  theory  of  the  comparison  of  transcendents.     V.  R.  p.  82. 
Hill.     Exemplum  usus  Functionum  Iteratarum,  &c. — C.  xi.  193.     This 
paper  contains  some  interesting  applications  of  the  calculus  of  functions 
to  the  comparison  of  transcendents.     V.  R.  p.  42. 
Jacobi.    Addition  au  M6moire  de  M.  Abel  sur  les  Fonctions  Elliptiques. 
— C.  iii.  86.     A  short  note,  containing  an  important  simplification  of 
Abel's  method  of  solving  the  equation  of  the  problem  of  division. 
V.  R.  p.  59. 

Note  sur  la  Decomposition  d'un  Nombre  donn6  en  quatre  quarr^. — 
C.  iii.  191.  The  demonstration  referred  to  is  founded  on  elliptic 
functions. 

Note  sur  les  Fonctions  Elliptiques. — C.  iii.  192. 
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JjLDomu    Suite  des  Notices  sur  lea  Fonctioiis  EIliptiqoeB.— C«  ilL  SOS. 

Suite  des  Notices,  &c« — C.  iii.  40S. 
-^  Suite  des  Notices,  etc^ — C.  ir.  185.  These  notes  contain  theorems 
stated  for  the  most  |Murt  without  demonstration.  V.  R.  p.  66^ 
-^  Ueber  die  Anwendung  der  elliptischen  Transcendenten  auf  ein 
bekanntes  Problem  der  ElemeDtar-geometric,  u.  s.  w.— C.  iii.  S76. 
This  paper  contains  a  geometrical  construction  for  the  addition  and 
multiplication  of  elliptic  integrals  of  the  first  kind.  A  translation  of 
the  most  important  part  appears  in  Liouville's  Journal,  z.  ^SS.  V«  R* 
p.  73. 

De  Functionibus  Ellipticis  Commentatio.— C.  iv.  371.    Transforma- 
tions of  integrab  of  the  second  and  third  kinds,  &c    V.  R.  p*  66* 
-^«    De  Functionibus  Ellipticis  Commentatio  altenu— C.  vu  397*    We 
find  here  an  elementary  demonstration  of  M.  Jacobi*s  theorem.    V.  R. 
p.  66. 

-to  Note  sur  une  nouvelle  application  de  TAnalyse  des  Fonctions  Ellip- 
tiques  a  TAlgdbre^ — C«  vii.  41.  It  relates  to  the  development  in  -con- 
tinued fractions  of  a  function  of  the  fourth  degree. 

Notiz  2U  Th^orie  des  Fonctions  Elliptiques  de  Legendre,  Troisidme 
Supplement. — C.  viii.  413.    T.  R.  p,  67. 

De  Theoremate  Abeliano — C.  ix.  99.    V.  R.  p.  41 . 

Considerationes  Generales  de  Transcendentibus  Abelianis.— C.  ix. 
394  [1832].  This  memoir  lays  the  foundation  of  the  theory  of  the 
higher  transcendents.    V.  R.  p.  75. 

De  Functionibus  Duarum  Variabilium  quadrupliciter  Periodicis,  &c. 
•-^C.  ziii.  65,  M.  Jacobi  here  proves  the  impossibility  of  a  function  of 
one  variable  being  triply  periodic    V.  R.  p.  76. 

De  usu  TbeorisB  Integralium  EUipticorum  et  Integrallum  Abeliano- 
rum  in  Analysi  Diophantea. — C.  xiii.  353.  It  is  here  pointed  out  that 
a  problem  of  indeterminate  analysis,  discussed  by  Euler  in  the  posthu- 
mous memoirs  recently  published  by  the  Academy  of  St.  Petersburg, 
is  in  effect  that  of  the  multiplication  and  addition  of  elliptic  integrals. 
Suggestions  are  made  as  to  the  corresponding  application  that  might  be 
made  of  the  Abelian  integrals. 

FormulsB  novae  in  Theoria  Transcendentium  Fundamentales« — C.  zv. 
199.     Elegant  elementary  formulae. 

Note  von  der  Geodatischen  Linie  auf  einem  Ellipsoid,  u.  s.  w. — 
C.  xix.  309.  M.  Jacobi  has  here  announced  the  important  discovery 
that  the  equation  to  the  shortest  line  on  an  ellipsoid  is  expressible  by 
means  of  Abelian  integrals  of  the  first  class.  As  this  is  perhaps  the  first 
^plication  made  of  Abelian  integrals  since  their  recognition  as  elements 
of  analysis,  I  have  thought  it  well  to  mention  it  in  this  place.  A  trans- 
lation of  the  note  is  found  in  Liouville  s  Journal,  vi.  267. 
-.    Demonstratio  nova  Theorematis  Abeliani. — C.  xxiv.  28.     Y.  R. 

p.  sa 

Zur  Theorie  der  elliptischen  Functionen. — C.  xxvi.  93.  This  paper 
contains  series  for  the  calculation  of  elliptic  functions,  and  a  table  of 
the  function  g. 

-.  Ueber  die  Additions-theoreme  der  Abelschen  Intcgrale  zweiter  und 
dritter  Gattung. — C.xxx.  121.  We  find  here  some  remarkable  formulae. 
V.  R.p.81. 

Note  sur  les  Fonctions  Ab6liennes. — C.  xxx.  183.     This  note  relates 
principally  to  the  fact  announced  in  M.  Jacobi's  letter  to  M.  Henr*' 
V.  L.  viiL  505. 
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Jacobi.    Ueber  einige  die  EUiptischen  Fanctionen  betreffenden  Formebi.*— 

C.  XXX.  269. 
— .    Extrait  d'une  Lettre  k  M.  Hermite. — ^L.  viii.  505.    V.  R.  p.  82. 
.     Extraits  de  deux  Lettres  de  M.  Jacobi,  &c. — Schumacher's  Nach- 

richten,  vi.  SS  [Sept  1827].    They  contain  the  first  announcement  of 

his  theorem. 
<— ^-.    Demonstratio  Theorematis  ad   Theoriam  Functionum  Ellipticarum 
.Spectantis. — Schumaciier,  vi.  133.     The  first  published  demonstration 

of  his  theorem.     See  also  Legendre  at  p.  201  of  the  same  volume. 

V.  R.  pp.  47  and  48. 
JijRGENSEN.    Sur  la  Sommation  des  Transcendantes  k  DiffSrentielles  Alg4- 

briques. — C.  xix.  113. 
— -— •  Remarques  G6n6rales  sur  les  Transcendantes  a  Diff<§rentielles  Alg6- 

briques. — C.  xxiii.  1 26.    V.  R.  p.  41 . 
Ivory.    On  the  Theory  of  the  Elliptic  Transcendents. — Phil.  Trans.,  1831, 

p.  349.    V.  R.  p.  67. 
LiBRi.     Sur  la  Th6orie  des  Nombres. — M6moires  des  Savans  Etrangers,  v.  1 . 
.     Sur  la  R^olution  des  Equations  Alg^briques,  &c. — C.  x.  167.  These 
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Sur  rint6gration  d'une  Classe  de  Fonctions  Transcendantes. — C.  xiii. 
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Sur  les  Transcendantes  Elliptiques  de  Premidre  et  de  Seconde  Especc 

consid^r^s  comme  Fonctions  de  leurs  Modules.^ — L.  v.  34  and  441.     It 
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Santo.     De  Functionum  EUipticarum  Multiplicatione  et  Transformatione 
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ScRRET.     Note  sur  les  Fonctions  Elliptiques  de  Premidre  Espdce^— L.  viii. 
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Skrrbt.    Propri£t68  G^om^triqaes  rdatiyes  i  la  Thterie  des  Fonctions 
Elliptiques^ — L.  viii.  ^95* 
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On  C(mpar(Uwe  Analytical  Researches  on  Sea  Water. 

By  Prof.  FORCHHAHHBB. 

In  a  paper  read  today  in  the  Chemical  Section,  I  have  tried  to  show  that 
in  the  ocean  between  Europe  and  America,  the  greatest  quantity  of  saline 
matter  is  found  in  the  tropical  region  far  from  any  land ;  in  such  places  1000 
parts  of  sea  water  contain  S6'6  parts  of  salt  This  quantity  diminishes  in 
approaching  the  coast,  on  account  of  the  masses  of  fresh  water  which  the 
rivers  throw  into  the  sea ;  it  diminishes  likewise  in  the  westernmost  part  of 
the  Guif-stream,  where  I  only  found  it  to  be  35*9  in  1000  parts  of  the  water. 
By  the  evaporation  of  the  water  of  this  warm  current,  it3  quantity  of  saline 
matter  increases  towards  the  east,  and  reaches  in  N.  lat  39^  39'  and  W.  long. 
55i^  16',  its  former  height  of  36*5.  From  thence  it  decreases  slowly  towards 
the  north-east,  and  sea  water,  at  a  distance  of  sixty  to  eighty  miles  from  the 
western  shores  of  England,  contains  only  35*7  parts  of  solid  substances ;  and 
the  same  quantity  of  salt  is  found  all  over  the  north-eastern  part  of  the  At- 
lantic as  far  to  the  north  as  Iceland,  always  at  such  a  distance  from  the  land 
that  the  influence  of  fresh  water  from  the  land  is  avoided.  From  numerous 
observations  made  on  the  shores  of  Iceland  and  the  Faroe  islands,  it  is  evi- 
dent that  the  water  of  the  Gulf-stream  spreads  over  this  part  of  the  Atlantic 
Ocean,  and  thus  we  see  that  water  of  tropical  currents  will  keep  its  character 
even  in  high  northern  latitudes. 

Besides  the  southerly  direction  which  any  current  flowing  from  the  north- 
em  polar  regions  must  take,  it  will,  according  to  well-known  physical  laws 
depending  upon  the  rotation  of  the  earth,  always  take  a  direction  towards  the 
west,  and  thus  be  driven  towards  the  eastern  shores  of  the  continents,  while 
any  tropical  current  flowing  towards  the  north  will,  according  to  the  same  law 
of  rotation,  take  a  direction  towards  the  western  shores  of  the  continents. 
This  is  at  present  the  case  in  the  Atlantic  Ocean,  and  its  efiects  upon  the 
shores  of  Europe,  which  by  a  branch  of  a  tropical  current  are  surrounded  by 
warm  water,  produce  a  mild  and  moist  climate. 


ANALT8I8  OF  SaA^WATSB.  91 

The  water  of  the  different  seai  is  much  more  uniform  in  its  oompodtion 
than  is  generally  believed*  In  that  respect  my  analyses  agree  with  the  newer 
analyses  of  atmospheric  air,  in  showing  that  the  differences  are  very  slight 
indeed.  Sea  water  may  contain  more  or  less  salt,  from  a  very  small  quantity, 
as  in  the  interior  part  of  the  Baltic,  to  an  amount  of  37*1  parts  in  1000  parts, 
which  I  found  in  water  from  Malta,  and  which  is  the  greatest  quantity  I  ever 
observed ;  but  the  relative  proportion  of  its  constituent  saline  parts  changes 
very  little. 

In  order  to  get  rid  of  those  differences  which  might  arise  from  the  dif- 
ferent quantity  of  saline  matter  in  sea  water,  I  have  compared  sulphuric  acid 
and  lime  with  chlorine,  and  the  following  results  are  the  mean  of  many  ana- 
lyses:— 

In  the  Adaniicy  the  proportion  between  chlorine  and  mlphuric  acid  is 
10,000  :  1188 ;  this  is  the  mean  of  twenty  analyses,  which  differ  very  little 
from  each  other. 

In  the  sea  between  the  Faroe  islands,  Iceland  and  Greenland,  the  same 
proportion,  according  to  the  mean  of  seventeen  analyses,  is  10,000  :  1193. 
Li  the  Geiman  Ocean,  according  to  ten  analyses,  it  is  10,000  :  1191. 
In  Davis's  Straits,  according  to  the  mean  of  five  analyses,  it  is  10,000 :  1220. 
In  the  Kattegat,  according  to  the  mean  of  four  analyses,  it  is  10,000 :  1240. 
Thus  it  appears  that  the  proportion  of  sulphuric  acid  increases  near  the 
shores,  a  fact  which  evidently  depends  upon  the  rivers  carrying  sulphate  of 
lime  into  the  sea. 

The  proportion  between  chlorine  and  lime  in  the  Atlantic  Ocean,  according 
to  the  mean  result  of  seventeen  analyses,  is  1 0,000  :  297 ;  and  in  the  sea 
between  Faroe  and  Greenland,  according  to  the  mean  of  eighteen  analyses, 
it  is  10,000  :  300. 

In  the  longitude  of  Greenland,  and  more  than  100  miles  to  the  south  of 
the  southernmost  point  of  that  large  tract  of  land,  sea  water  contains  only 
350  in  1000  parts.    In  going  from  this  point  towards  the  north-west  it  do- 
creases  constantly,  and  in  Davis's  Straits,  at  a  distance  of  about  forty  miles 
from  the  land,  it  only  contains  32'5  parts  of  salt  in  1000  parts  of  sea  water. 
This  character  seems  to  remain  in  the  current  which  runs  parallel  to  the 
shores  of  North  America ;  and  at  N.  lat  43^^  and  W.  long.  46^  the  sea  water 
contained  only  33*8  parts  of  salt    Thus  tropical  and  polar  currents  seem  not 
only  to  be  different  in  respect  to  their  temperature,  but  also  in  the  quantity 
of  sialt  which  they  contain  ;  from  which  it  appears,  that  while  the  quantity 
of  water  carried  away  from  the  tropioal  sea  by  evaporation  is  greater  than 
that  which  rain  and  the  rivers  give  back  to  that  sea,  the  reverse  takes  place 
m  the  polar  seas,  where  evaporation  is  very  small  and  the  condensation  of 
vapour  very  great     The  circulation  must  on  that  account  be  such,  that  a 
part  of  the  vapour  which  rises  in  tropical  zones  will  be  condensed  in  polar 
r^ions,  and  in  the  form  of  polar  currents  flow  back  again  to  warmer  climates. 
Although  my  analyses  are  only  made  on  water  from  the  ocean  between  Eu- 
rope and  America,  yet  little  doubt  can  be  entertained  that  that  part  of  the 
ocean  which  separates  America  from  Asia  is  constituted  in  a  similar  manner, 
and  that  currents  flowing  from  the  poles  are  the  rule,  and  currents  flowing 
towarda  the  poles  the  exception. 

Lime  is  rather  rare  in  the  sea  around  the  West  Indian  islands,  where  mil- 
lioDs  of  coralline  animals  constantly  absorb  it,  the  proportion  according  to 
five  analyses  being  10,000  :  247 ;  and  it  is  rather  copious  in  the  Kattegat, 
where  the  numerous  rivers  of  the  Baltic  carry  a  great  quantity  of  it  into  the 
ocean.     The  proportion  is  there,  according  to  four  analyses,  10>000  :  371. 
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On  the  Cakulaiion  of  the  Gaussian  Constants  for  1829.  J^  A.  Ebm  an. 

As  purely  theoretical  speculations  on  natural  phaeDomensL^main  highly 
unsatisfactory  until  they  can  be  founded  on  a  sufficient  nunip^r  of  observa- 
tions, in  the  same  manner  collections  of  the  most  careful  observations  must 
be  almost  useless  before  they  are  thoroughly  elaborated  according  to  a  given 
theory.  Nay,  the  accumulation  of  observed  numbers,  notwithstanding  the 
value  they  possess  when  viewed  by  themselves,  may  even  become  injurious 
to  science,  by  retarding  its  progress.  Indeed  the  aspect  of  progressively  in- 
creasing, but  not  duly  elaborated,  materials,  must  at  last  give  rise  to  the  ap- 
prehension, both  on  the  part  of  those  engaged  in  furnishing  them,  and  of 
every  one  interested  in  the  results  to  be  gathered  from  them,  that  the  means 
may  be  wanting  to  bring  such  a  stock  of  matter  to  bear  for  their  proper 
purpose.  The  loss  of  the  whole,  that  is  to  say,  of  data  which  have  not  been 
acquired  without  the  exertion  of  considerable  scientific  labour,  and  which 
seemed  pregnant  with  beautiful  germs,  would  then  be  a  most  discouraging 
consequence. 

The  British  Association  for  the  Advancement  of  Science  has  many  times 
proved  itself  convinced  of  the  truth  of  this  principle.  A  resolution  adopted  by 
the  Association  in  1833,  during  its  first  meeting  at  Cambridge,  warded  off  the 
peril  just  mentioned,  even  from  a  department  of  science  whose  long-established 
rate  of  progress  had  not  been  able  to  protect  it  sufficiently  against  such  a 
risk.   The  reduction  of  the  Greenwich  observations  of  planets,  undertaken  in 
consequence  of  this  resolution,  and  now  published  by  order  of  the  Lords 
Commissioners  of  the  Admiralty,  has  been  fully  appreciated  by  all  astrono- 
mers, and  particularly  by  the  late  M.  Bessel,  who  in  the  last  moments  of  his 
life  welcomed  it  as  the  beginning  of  a  new  period  in  astronomy.    Moreover, 
the  condition  that  a  uniform  progress  of  observation  and  calculation  is  equally 
indispensable  in  less-developed  or  only  nascent  branches  of  physical  science,  ^  \ 
has  been  expressed  by  the  British  Association  at  its  second  meeting  at 
Cambridge  in  1845 ;  first,  by  several  of  the  members  being  inclined  to 
ralae  the  question,  whether  the  continuation  of  magnetic  and  meteorological    : 
observations  were  desirable,  as  long  as  a  great  part  of  the  materials  collected    : 
by  them  are  still  waiting  their  first  employment ;  and,  secondly,  by  including    : 
the  calculation  of  the  Gaussian  constants  of  terrestrial  magnetism  for  1829    .. 
within  the  sphere  of  their  own  operations,  being  pleased  at  the  same  time  to   - 
entrust  me  with  the  superintendence  of  the  same,  and  to  place  at  my  disposal  >| 
the  sum  of  £50,  granted  for  this  purpose  for  the  year  1845  to  1846.    I  shall  v:,,| 
endeavour  to  point  out  in  a  few  words  the  fruits  this  arrangement  seems  to  i^,^ 
promise,  and  the  results  it  has  already  obtained.  >.^ 

I  think  we  are  authorised  to  suppose  that  all  those  phsenomena  which  we  .  ^ 
have  learned  to  express  by  numbers,  with  the  help  of  remarkably  accurate*  :n^ 
instruments,  will  at  length  lead  us  to  a  theory  of  the  forces  which  produce  -^^j] 
them ;  and  that  in  consequence,  the  intrinsic  value  of  observations  on  such  .4^ 
phaenomena — a  value  which  hitherto  could  not  be  demonstrated — will  then  ^j^ 
at  once  become  most  evident    It  was  this  expectation  alone  which  ofleD;:;.^^ 
encouraged  observers  to  persevere  in  labours  apparently  rather  tedious,  and  :-^ 
the  zeal  with  which  the  meteorological  and  part  of  the  magnetic  variations  ^cJ^ 
are  pursued  by  your  members  in  British  and  colonial  observatories,  is,  I  thijiL  )^ 
attributable  to  the  same  cause.     In  the  branches  of  physics  which  they  cu]*:^^?],^ 
tivate,  these  observers,  it  is  true^  have  still  to  look  to  futurity  for  both  kindfi^^Jj 
of  progress,  viz.  the  discovery  of  an  abstract  theory,  and  the  true  establishmeni :({, 
of  the  same  by  means  of  observed  numbers.  As  to  the  first  and  most  import^y^  ^ 

'No 
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ant  of  these  steps,  they  have  a  consolation  in  the  fate  of  their  predecessors 
io  most  simihur  laboars :  I  allude  to  the  long  series  of  philosophers  who  de- 
Toted  themsel  -^  during  the  first  thirty  years  of  this  century  to  ascertaining 
the  mean  yaiues  of  magnetic  elements  for  as  many  points  on  the  surface  of 
the  globe  as  possible,  and  whose  undertakings  are  so  carefully  recorded  by 
one  of  them — I  mean  CoL  Sabine,  in  his  admirable  report  on  magnetic  in- 
tensity.   They  too  were  long  enough  under  the  necessity  of  restricting  the 
immediate  application  of  their  operations  to  refuting  some  evidently  super- 
ficial or  erroneous  theoretical  views,  and  then,  after  detaching  from  their  re- 
sults every  accidental  influence,  to  register  them  in  the  annals  of  science,  as 
ooDtribntions  to  a  theory  which  they  only  hoped  might  be  attained.   But  M. 
Gausss  admirable  theorem,  that  any  terrestro-magnetical  element,  that  is 
to  say,  any  observable  part  of  the  intensity  of  magnetic  force  at  a  given  point 
of  the  earth,  or  any  angle  formed  by  this  force  with  a  given  plane  or  line,  can 
be  represented  by  combining  with  given  functions  of  the  latitude  and  longi- 
tude of  this  point  a  limited  number  (probably  twenty-four)  of  constant  quan* 
titles,  and  the  way  pointed  out  by  him  for  deriving  these  constants  from  a 
efficient  number  of  observed  mean  values  of  magnetic  elements,  have  in  a 
short  time  so  completely  realized  these  hopes,  that  a  great  encouragement 
Tas  held  out,  both  to  former  observers  of  mean  magnetic  elements,  and 
to  those  who  were  then,  and  are  still  employed  in  less-advanced  branches  of 
physics:  nevertheless  this  encouragement  was  but  an  imperfect  one.     To 
complete  it,  the  possibility  of  applying  those  former  observations  had  to  be 
changed  to  a  reality.     On  this  account  I  am  inclined  to  think  that  the  com- 
mittee appointed  to  conduct  the  cooperation  of  the  British  Association  in  the 
sTstem  of  combined  magnetic  and  meteorological  observations,  have  parti- 
ealarly  contributed  to  the  satisfaction  of  their  own  observers,  by  encouraging 
the  calculation  of  the  Gaussian  constants  for  1829;  for,  by  so  doing,  they  in  the 
^  place  have  confirmed  their  adhesion  to  the  general  principle,  that  no  set  of 
observations  whatever  must  remain  longer  than  is  indispensably  necessary 
vithout  reduction  to  theory ;  and  secondly,  they  have  made  the  immediate  ap- 
pScatioD  of  the  mean  magnetic  values  for  1 845,  that  may  be  furnished  by  the 
combined  British  and  Russian  observatories,  the  more  probable,  as  it  will  then 
be  already  preceded  by  a  similar  application  of  the  analogous  values  for  1829. 
Besides  thb,  to  prove  the  influence  of  your  resolution  on  the  department  of  sci- 
ence most  directly  connected  with  it,  I  may  remark  that  a  more  and  more  exact 
'^eternuDation  of  magnetic  constants  (the  Gaussian)  is  equally  indispensable 
s  the  present  moment  (and  for  the  same  reason),  as  the  obtaining  of  the  con- 
iijits  for  planetary  orbits  was  formerly,  from  the  moment  in  which  Kepler's 
i3d  Newton's  discoveries  opened  a  possibility  of  arriving  at  them.  Whatever 
i^T  be  the  analogies  once  to  be  found  in  magnetism  for  the  secular  varia- 
^oQs  and   other  perturbations  of  planetary  orbits,  the  entrance  into  these 
^touched  fields  of  science  cannot  fail  to  be  effected  by  fixing  the  actual 
^aes  of  Gaussian  constants. 

It  was  under  these  circumstances  that  I  long  ago  felt  it  to  be  a  debt  I  had 

'iLuacted  towards  science,  that  the  magnetic  elements  which  I  observed 

Hm  1828  to  1830,  at  about  650  equidistant  stations,  on  a  line  encircling 

^  globe,  between  latitudes  67^  north  and  60^  south,  conjointly,  perhaps, 

''ih  the  magnetic  elements  that  had  been  observed  in  Europe  during  the 

^sse  years,  should  be  fully  applied  to  the  development  of  the  now  existing 

t^ry.      For  the  undertaking  of  such  a  work,  however,  it  was  evidently  ne- 

^osary  to  have  more  time  at  my  disposal  than  I  have  ever  enjoyed.     M. 

'^rj  Petersen,  too,  a  most  industrious  and  talented  young  mathematician, 

^  in  184^  had  undertaken  and  performed  at  my  request  a  small  part  of 
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this  comprehensive  tasky  found  his  leisure  hours  unequal  to  its  completion. 
Now,  on  the  contraryi  the  support  of  the  British  Association  has  enabled  and 
induced  this  gentleman  to  suspend  his  other  official  duties  for  the  year  just 
expired)  and  to  devote  himself  entirely  to  the  prosecution  of  the  work  in 
question,  in  which  his  success  will,  I  think*  be  appreciated  by  the  Association, 
from  the  results  which  I  have  the  pleasure  of  laying  before  you,  accompanied 
by  some  remarks  on  the  means  employed  to  obtain  them.  What  proportions 
these  one  year's  results  bear  to  the  final  term  of  the  whole  labour,  and  how 
far  they  deserve  to  be  continued,  is  a  subject  which  I  »hall  take  the  liberty 
of  touching  upon  at  the  conclusion  of  this  paper. 

The  object  of  the  calculations  committed  to  my  superintendence  may  be 
stated  to  consist  in  findings  by  a  sufficiently  large  series  of  observations, 
twenty-four  corrections,— 

A^»o,  A^.i,  AA*,i,  Ay*.« A^W»,  M^», 

to  be  singly  applied  to  the  twenty-four  preliminary  values, 

^/>,  ^'S  A*'S  h^^ P*»S  **»*> 

which  M.  Gauss  assigned  to  the  constants  of  terrestrial  magnetism,  and  in 
calculating  at  the  same  time  the  probable  errors  of  the  so-corrected  constants* 
To  this  effect  (preserving  the  literal  denominations  used  in  M*  Gauss's  theory 
of  terrestrial  magnetism,  and  markinff  by  AX,  AY,  AZ,  Ato,  wAS,  4^A»,  the 
differences  (theoretical  value — actual  (or  observed)  v<Uue))f  the  following 
expressions  have  been  derived:-— 

0=AX+/^'*^sint<— cosu(A^^'^cosX+AA>*^sinX)+2coetf.sinti.A^*^ 
— cos2«.(^«*^co8X+AA>'^8inX)— sin2tt(^>».C062X 

■f  AA«»« .  sin  2X) + S .  A^»o.[  cos«  tt— 1 J  JsiuM—  fs  cosStf— — costi  V 

(A5P«»».  COS  X+ AA»»».sin  X)— sin  «.(S  cos* «— 1)(A^.«. cos 2  X 
+  AA^'^.sin  2  X)— 3  cos  t«.  sin«ti(A^>3 .  cos  3  X+ AA'*^  .sin  3  X) 

+4[  cos^tt— -  cos  11  jsin  tt .  A^»o— [  4  costt*— ^  cos*  «+ -  J. 

(A^.»,co8X+ AA*»*  .sin  X)— 2[2  cos^  ti— -cosii  }8intt.(^»«.cos2X 

+A/r*'«.sin2X)-(4co8««-l)8in««(A^»^cos  3  X+AA*.».sinSX) 
—4  cos  u .  8in*K(A^»* .  cos  4  \+  AA*»* .  sin  4  X). 

0=AY4'A^''* •«">-— AAw* .  cos  X+cos  te  (A^»* .  sin  X— AA«»*  .  cos  X) 
■f2sintt(A^»«.sin2X— AA«»«.co82X)+(A^»«.sinX— AAs»»cosX). 

fco9^  •*""^) +*^°  ^  "  •  (A^'*  • "°  2  X— AA3,« .  cos  2  X) 

+S  sin«  u  (A^^t* .  sin  3  X— AA'*^ .  cos  3  X)+[co85m— |cos  u\       \(2.) 

(A^»»  .sin  X— AA^'^cos  X)+  ^2co8«ti— iyni*(A^»* .  sin  2  X 

— AA*'«co8  2  X)+S  cos  tt.sin*tt(iV*»'  •«»  3  X— AA*»^  cos.SX) 
+4  sin'.tt  (^»* .  sin  4  /— AA*»* .  cos 4  X). 
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OsAZ+2  cos  u  •  ^1*0+2  sin  u .  (^i>i  •  cos  A + AA^** .  sin  X) 

+ (S  eo«>  ti-*- 1 ) .  Zk^*o + 3  cos  « .  sin  «  ( A^*i .  cos  X + AA«*^  sin  X) 

4-Ssin««(i^'3.cos2X+ AA^'Ssin  2X)+ /^^cos^M— i^cos  A^^'O 

+(4  cos^ti^- jsin  ti  (i^'^cos X-h AA^*>  sin  X)-h4  cos  u  sin* ti  • 

(^>a.cos2X+M9»«.sin2X)+4Bin3«.(A^>s.co0SX+AA3''.BinSX)  ^(S.) 
+  [5co8u* — ^co8«ii+^j.A^»o4-[5oos«i«— ^costtj. 

•inti(^>i  cosX+^^''  BinX)+/^5cos«tf— |\sins«(i^»a.cos2X 

+AA^''*sin2x)+5oos4.sin3tf(i^>3.cos3X+AA^''.BinSX) 
+5  sin*  u .  (A^»* .  cos  4  X+ AA*»* .  sin  4  X) ; 

and  denoting  by  AX,  AY,  AZ  their  just-mentioned  deyelopnients  according 
to  the  corrections  of  constants, 

O=:As0     —  coft^.AX        ^sint.AY (4.) 

0=tc7.A(«+sin  J.  AX         ^cosJ.AY.     •    •    •    .    .    (5.) 
0=if'.At+8int(cosS.AX'fsin^.AY)— cost.AZ  .    .     (6.) 

and  then  28d  numerical  primary  equations,  relating  to  magnetic  elements, 
observed  on  a  line  from  Berlin  to  the  east  coast  of  North  Asia,  at  the  port 
of  St.  Peter  and  St  Paul,  have  been  formed,  by  alternately  recurring  to  one 
or  the  other  of  these  six  formulee.  For  the  sake  of  uniformity,  their  first  term, 
which  always  meant  the  value  of  the  magneHc  element  catcukUed  with  M, 
Gauss's  numbers — t/se  observed  value  of  the  same  element^ — has  always  been 
marked  by  the  letter  it,  independently  of  its  having  been  derived  by  the  Ist, 

the  2nd, the  6th  of  these  formulse ;  and  also  the  whole  numerical  primary 

equation  haa  been  represented  by 

0=ift-fcoe£4^/>.(Ap^*o)+coeff.Ap^>>.(A^»i)+<^oeff*AA*>i. 

(AA*»»)  +coeff.AA».»<AA»»»)> 

independently  of  their  origin  from  formulse  (1)  (2) or  (6). 

In  five  of  the  accompanying  tables  you  wUl  find,  according  to  these  de- 
nominations,— 1.  the  numerical  values  for 

log.  n,  log.  coeff.  A^»o,  log.  coeff.  A^»»,  log.  coefif.  AA*»» log.  coeff'.AA'»»  t» 

furnished  by  each  single  element;  2.  the  name,  the  latitude  and  the  Ion- 
gitnde  of  a  station  to  mark  the  place  of  observation ;  and  S.  one  of  the  letters 
X,  Y,  Z,  w,  8  or  I,  which  respectively  indicate  that  the  observed  element  has 
been  the  northern  or  the  western  component  of  horizontal  force,  the  vertical 
force,  the  whole  horizontal  force,  a  declination  or  an  inclination*.  In  the 
three  last  cases  in  which  therefore  n  denotes  the  value  of  Ati^,  of  wA^,  or  of 
tfrAtt,  it  must  still  be  noticed  that  the  values  of  the  declination  (^)  in  the 
first,  and  respectively  of  the  horizontal  force  (tr),  or  of  the  total  force  Qp)  in 

*  It  ii  imderrtood  that,  aocordiiig  to  M.  Gaott's  memoir,  the  meanhi(^  of  the  letters  em* 

plfljediv— 

I  DeclinatioD. 
i  Inclination. 

u  North  polar  distance  of  the  station. 
X  Longitude  east  from  Greenwich  of  the 
station. 


X  Noftbem  borizontal  force. 
Y  'Western  horizontal  force. 
w  Total  horizontal  force. 
Z*  Vertical  force. 
^  Total  fone. 


t  Instead  of  log,  coeff.  the  forther  abbreviation  Lc  being  naaally  employed. 

t  Tht  arcs  Ai  and  M  being  prsTloasly  changed  to  the  ratio  of  their  lines  to  unity. 
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the  two  other,  being  only  approximate!  j  required  for  this  purpose,  have  been 
merely  calculated  by  theory,  viz.  by  those  values  of  constants  which  we  are 
about  to  correct. 

The  correctness  of  the  numbers  in  those  28S  primary  equations  for  the 
twenty-four  unknown,  has  then  been  controlled  by  determining  the  theoretic 
values  of  the  X,  the  Y,  the  Z,  or  of  the  two  or  three  of  them  that  were  required 
for  the  composition  of  i£7,  of  tang  (  or  tang  t,  a  second  time  in  a  somewhat 
different  way.    It  consisted  in  calculating  according  to 

X= F(tt)  -f  P  (tt)  cos  X-h  F"  (u)  sin  X  -f  P"  («)  cos  2  X 
+ +  F^'(tt)cos4X-hP'"(tt)8in4.A, 

or  to  a  quite  analogous  expression  for  Y  and  Z,  for  which  the  numerical  values 
contained  in  F(«),  P(«) P'"(tt)  are  given  as  resulting  from  the  pre- 
liminary values  of  the  twenty-four  constants  in  M.  Gauss's  theory  of  terres- 
trial magnetism,  §  27* 

This  part  of  the  task  being  completed,  the  second,  and  by  far  the  most 
laborious  one,  consisted  in  forming  out  of  the  coefficients  in  each  primary 

equation  -^     =325,  and  therefore  altogether  325  x  283=91975  products 
2 

of  two  factors,  each  according  to  this  form, — 

vn,  n.(c.A^'°),  »(c.^k^»*), «.(c.A^*»^),  «(c.AA*»*), 

(c.  A^'0).(  c.  A^.o),  (c.  A^.<>).(c.  A^»0>  •  •  •  (c-^^'^Kc-^^' * '  )>  (c-^'°)^^^ 


(cAA'»»).(c.AA»'0. 

The  283  products,  assembled  under  each  of  these  325  titles,  were  then 
separately  summed  up,  and  by  this  means  (marking  by  []  a  sum  of  analogous 
terms)  the  twenty-four  final  equations  of  the  following  form  were  obtained:  — 

—  [n.(cA^.o)]  =  [(cA^.o).(cA^.o)]  .^fi  +  [(c.i2k^'0)(c2!k^»»)]  .A^»>  + . . 

-|-L(cA^'0(c-A^''0]-A^*''  +  C(c-^'0(c-^*'')]-^'''» 

+  [(cAAM)(c^i,i)].^i.i  +  [(c.M*.»)(c-^''0]-^*'S 


-h[(c.MM).(c.^i.i)].A^i,i  +  [(c.AAMXc.AA«'^)].AAM. 

The  numerical  expressions  of  these  equations  will  be  found  in  the  table 
marked  VL    Hitherto  they  have  been  controlled  by  the  calculation  leading 
to  them  from  the  primary  equations,  being  repeated  a  second  time  in  the 
same  manner  as  the  first,  but  with  the  suppression  of  one  decimal  figure  in  > 
the  products  and  in  their  sums.    To  obviate  the  danger,  arising  from  the  ad-  V 
dition  of  such  extensive  rows  of  numbers,  lest  the  compensation  of  opposite)' 
errors  might  produce  an  illusory  agreement,  M.  Petersen,  besides  the  fonna-  'i 
tion  of  new  primary  equations,  has  proceeded  to  subject  these  final  equations 
to  another  kind  of  control, — I  mean  the  process  usually  employed  in  similar 
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cases*  and  which  consists  in  the  formation  for  each  primary  equation  of  a 
supplementary  term  «,  equal  to  the  sum  of  the  other,  viz.  in  one  ease^  in  the 
calculation  of 

#=coeff. /^/>+coeff.^>i+coeff.AA^>i  + +ooeff.i^i'>+coeff.AAi»>9 

wherebj  we  obtain  as  controlling  equations, 

[«t]  =  C«-Ci^»o]  +  [«.c.A^»»]  +  [«.c.AA*.']  + ...  +  [n.cA^«»»]  +  [im5.AA»'>], 

[#.cA^^]  =  [(cA^/>)(c.i^^)]+[(c.A^.o)(c.A^»»)]+-+[(c-^'°)(c-AA'.»)]f 


[f.cAft'»»3  =  [(c.AA>»0'(c.2!k^'O)]  + +  [(c.AA».')(c*^''0]» 

independently  of  the  extension  which  is  given  to  the  sums  marked  by  []. 

If  we  now  consider,  in  the  first  place,  the  linear  primary  equations  con- 
taiued  in  the  Tables  annexed,  we  shall  find  that  the  %'alues  of  the  Gaus- 
sian constants  hitherto  accepted  sufiiciently  approximate  to  the  truth  to 
authorise  the  supposition  from  which  we  start,  that  the  powers  of  their  cor- 
rections superior  to  the  first  can  be  neglected  ;  but,  on  the  other  hand,  that 
these  values  are  still  so  erroneous,  that  the  elements  calculated  by  them  differ 
front  the  empirical  ones  by  far  more  than  can  be  ascribed  to  errors  of  obser- 
vationy  and  in  quite  another  manner  than  would  arise  from  local  irregularities 
of  terrestrio-magnetic  power.  Indeed  we  see  that  when  the  places  of  obser- 
vation are  in  similar  parts  of  the  globe,  the  values  of  n  belonging  to  them 
remain  nearly  enough  equal  to  each  other ;  whereas  on  the  longitudes  of  the 
places  increasing,  these  values  of  n  are  gradually  lessened,  and  at  length 
replaced  by  a  series  of  values  with  opposite  signs.  Of  course,  to  observe  this 
regularity  of  progress,  we  must  only  compare  such  values  of  n  as  relate  to 
magnetic  elements  of  a  similar  character ;  as  for  instance,  all  to  x,  or  all  to 
w,  and  so  on. 

The  value  [nn]  =233423,  marked  in  the  Table  of  Final  Equations  as  re- 
sulting from  283  equations,  shows  that  for  the  part  of  the  earth  on  which 
the  observations  hitherto  considered  have  taken  place,  the  mean  difierence 
between  an  observed  magnetic  element  and  the  corresponding  calculated  one 
amounts  to  29,  the  intensity  of  the  whole  force  at  London  being  =1372 ;  and 
in  agreement  with  this  result,  we  find,  for  example,  by  immediate  inspection 
of  the  Table  of  Primary  Equations, — 


1 

t 

The  mean  difference 

Lat.  56. 

56. 
60. 

+39 
+  19 
+  13 

67. 
67. 

+  23 
+  40 

+  35 

54. 
100. 

-   6 

0 

-15 

59. 
145. 

-28 
-25 
+  30 

56. 

0 '^ N 

in  whole  hori- 
zontal force. 

Long.  43. 

222. 

;  In  northern  horizontal  force 
'  In  western  horizontal  force 
In  perpendicular  force  

■ 

+46 
+  18 
+  11 

}+35 
+  38 

The  concluding  table  contains  besides,  as  already  mentioned,  twenty-four 
final  equations  for  the  twenty-four  unknown  quantities,  by  which,  mathema- 
tically speaking,  the  whole  problem  in  question  would  appear  to  be  ready  for 
a  definitive  and  now  most  easy  solution.    In  practice,  however,  this  is  evi- 
dently far  from  being  the  case.    Thus  indeed  it  is  plain,  even  at  a  first 
lance,  that  each  observation,  hitherto  registered,  has  already  contributed 
)  the  solubility  of  the  problem  all  that  it  will  ever  be  able  to  do ;  there 
s  not  in  this  circumstance  alone  a  sufiicient  reason  for  that  solubility  being 
reached,  and  then  that>  on  the  contrary,  the  probability  of  the  value  to 
1846.  H 
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be  obtained  for  any  one  of  the  twenty-four  unknown  quantities,  ^ 
ample,  A^^**  depends  entirely  on  its  toeiglU,  that  is  to  say,  on  the  i^ 
tude  of  the  coefficient  with  which  this  quantity  remains  in  the    ^0f 

containing  at  the  origin  the  terms +  [(c.A^**').(c.A^^>*)3-A^^'^tr 

the  elimination  of  the  twenty-three  others ;  and  that  these  weights,  as  £15: 
shown,  will  only  become  sufficiently  extensive  when  there  are  nei  tf\^ ' 
nor  more  of  the  unknown  quantities  whose  coefficients  remain  in  a  ^^^ 


or  in  a  nearly  constant  relation  in  the  whole  series  of  primary  equati<^^ 
butary  to  the  final  ones.     Hence  the  examination  in  this  same  respeot 

above  expressions  for  Arr,  Ay, ^{'At,  will  easily  show  that  by  ^i 

of  the  similarity  of  the  latitudes  in  which  by  far  the  greatest  part  of  ^4 
servations  till  now  calculated  have  been  effected,  the  solution  of  tjjj^^ 
equations  as  hitherto  obtained  would  give  but  a  very  trifling  weight  tof^^, 
all  the  corrections  we  are  seeking  for,  and  therefore  be  still  without  t^si 

Even  the  seventy  elements  that,  according  to  date  of  observatio 
next  to  the  283  finished  ones,  and  for  which  M.  Peterseji  has  als 
accomplished  the  primary  equations,  will,  by  their  contributing  to 
ones,  most  sensibly  improve  them  in  respect  of  solubility.    Indee 
opposition  to  the  now  finished  ones,  these  latter  elements  relate  to 
a  line  rather  northern  than  eastern  in  its  direction,  and  extending 
latitude  north  to  about  the  equator.   It  is  therefore  precisely  those  u 
quantities  whose  coefficients  have  hitherto  exhibiteid  the  least  vari 
followed  in  their  varying  a  course  parallel  with  that  of  the  coeffi 
other  unknown  ones,  that  will  vary  the  most,  both  relatively  and  a 
speaking,  in  the  set  of  primary  equations  next  to  be  formed,  and 
add  to  the  final  equations  just  what  is  requisite  for  increasing  the  wi 
each  of  the  quantities  sought  for  and  thereby  preparing  their  due  se 

M.  Petersen  will  at  all  events  subjoin,  in  the  course  of  the  ensuing 
this  next  continuation  of  his  present  labour,  which  I  shall  then  forwaxf  ^^  f 
Association. 

It  is  plain,  notfvithstanding,  that  even  then  we  shall  not  have  rt\ 
most  fawntr able  stale  which  our  fund  of  observations  for  the  year  18 
allow  of  attaining  in  the  knowledge  of  the  Gaussiaa  constants  for 
year.  Indeed  even  then,  by  substituting,  as  could  be  effected  thro 
further  patronage,  a  full  execution  of  the  task  to  a  but  partial  one,  t—.^  1 . 
of  observation  contributing  to  the  final  equations  may  be  trebled,  a  44  l.^' 
is  still  more  important,  a  considerable  improvement  be  attained  io  ^i^k-jL 
petition  over  the  globe. 

I  thought  it  my  duty  to  submit  to  the  Association  my  opinioi  ^ 
benefits  to  be  derived  from  the  continuation  of  M.  Petersen's  laboursy  90 
at  to  their  decision  whether  they  will  consider  it  advisable  to  grant  h  i% 
further  support  in  devoting  himself  entirely  to  the  prosecution  of  hi  92 
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On  the  Progress  J  present  Amount ^  and  probable  futw^Cortdiium  qf  ^ 
the  Iron  Mam^acture  in  Great  Britain.  By  Q.  R.  Po\^i^^^,.      :;\  ^^ 


In  obedience  to  the  request  of  the  Council  of  the  Britiah  AMOciattoni  nade 
at  its  meeting  in  June  1845  at  Cambridge* — a  request  from  that  body  being 
equivalent  to  a  command,— I  avail  myself  of  the  firat  moment  of  leisure  that 
bas  since  presented  itself,  to  investigate  the  condition  of  the  iron  manufac* 
ture  in  Great  Britain. 

The  incessant  claims  upon  my  time,  of  public  duties,  which  have  called  in 
their  performance  for  the  roost  anxious  and  unremitting  labour,  throughout 
all  of  the  present  year  that  has  hitherto  elapsed,  may  perhaps  be  allowed  to 
plead  in  excuse  for  the  imperfect  manner  in  which  I  am  able  to  perform  my 
task.  I  wish,  most  sincerely,  that  it  had  been  otherwise,  and  that  it  had 
been  possible  to  devote  to  its  accomplishment  an  amount  of  time  and  a  de- 
gree of  research  that  might  have  enabled  me  to  present  a  work  more  worthy 
of  the  acceptance  of  this  body,  and  better  proportioned  to  the  importance  of 
the  subject. 

It  was,  doubtless,  a  conviction  of  the  great  and  growing  influence  which 
the  progress  of  the  iron  manufacture  must  exercise  upon  other  important 
branches  of  our  national  industry,  that  led  the  Council  of  our  body  to  desire 
information  concerning  it,  and  all  that  has  since  arisen  in  the  course  of  our 
l^islation  has  given  additional  interest  to  the  subject,  so  that  it  has  become 
more  than  ever  of  consequence  to  know  the  actual  condition  of  this  great 
branch  of  our  industry,  and  of  the  capabilities  which  present  themselves  for 
its  increase.  The  enormous  demand  for  iron  caused  by  the  general  and 
simultaneous  construction  of  railways  all  over  this  kingdom,  and  not  here 
only,  but  in  various  parts  of  Europe  and  in  the  United  States  of  America, 
and  also  by  their  promised  extension  to  India,  is  calculated  to  produce  much 
of  anxious  inquiry  into  the  subject,  in  order  to  ascertain,  in  the  first  place, 
vhether,  and  in  what  way,  that  enormous  denund  can  be  met,  and  then  to 
satisfy  ourselves  that  through  the  cessation  of  that  demand,  which  from  its 
nature  must  be  in  a  chief  degree  temporary,  we  may  not  be  exposing  to 
ruinous  depreciation  establishments  for  the  formation  of  which  vast  capitals 
have  been  and  will  be  sunk,  in  which  many  skilled  workmen  are  trained,  who 
during  the  continuance  of  the  existing  great  demand  will  be  receiving  high 
wages,  but  who  when  it  ceases  may,  many  of  them,  be  thrown  out  of  em- 
ployment, and  who  must  be  so,  unless  some  new  and  permanent  uses  can  be 
found  for  the  produce  of  their  industry. 

The  object  of  the  present  inquiry  does  not  call  for  any  research  into  the 
remote  history  of  the  iron  manufacture.  It  will  not  assist  us  in  the  solution 
of  the  questions  now  pressing  upon  our  attention,  to  ascertain  whether,  in 
centuries  preceding  the  Christian  aera,  when  the  Phoenicians  traded  with  our 
ancestors  for  tin,  the  Britons  did,  as  some  writers  have  assumed,  know  and 
pmcttse  the  manufacture  of  iron.  Certain  it  is,  that  the  rise  of  that  manu- 
facture upon  any  scale  deserving  of  notice  as  a  national  object,  dates  from  a 
time  within  the  memory  of  persons  now  living.  In  17H8  the  whole  quantity 
of  pig-iron  made  in  England  and  Wales  is  said  to  have  amounted  to  no  more 
than  6 1300  tons,  of  which  quantity  48,200  tons  were  made  with  coke  of 
pit-coal,  and  the  remaining  13,100  tons  were  still  made  with  charcoal  (see 
Appendix  No.  1).  In  the  same  year  the  production  in  Scotland  did  not 
exited  7000  tons.  In  Ireland  charcoal-iron  was  made  on  a  moderate  scale 
daring  the  seventeenth  century.  Sir  William  Petty  tells  us  in  his  *  Political 
Anatomy  of  Ireland,'  that  in  1672  the  quantity  of  iron  made  there  was  about 
1000  tons,  giving  employment  to  about  2000  persona  of  both  sexes.    Works 
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established  by  Sir  William  Petty  in  the  county  of  Kerry  in  1660,  continued 
to  be  carried  on  until  the  exhaustion  of  the  timber  in  the  neighbourhood 
brought  them  to  a  stand,  and  in  1788  there  does  not  appear  to  have  been 
any  iron-work  in  existence  in  Ireland. 

About  this  time  the  iron-masters  in  Great  Britain  began  to  avail  them- 
selves of  Mr.  Watt's  improvements  of  the  steam-engine,  and  were  thus  en- 
abled greatly  and  rapidly  to  increase  the  productive  power  of  their  works, 
8o  that  in  eight  years  from  1788  the  quantity  of  British-made, iron  was  nearly 
doubled.  An  inquiry  made  in  1796,  consequent  upon  the  proposal  of  Mr. 
Pitt,  which  was  afterwards  abandoned,  to  place  a  tax  upon  coal  at  the  pit's 
mouth,  showed  the  make  of  British  iron  to  be  then — 

In  England  and  Wales...  108,993  tons. 
In  Scotland  16,086  tons. 

Together  125,079  tons.  (SeeApp.No.2.) 

Ten  years  later,  in  1806,  it  was  proposed  to  tax  the  production  of  iron, 
and  again  on  that  occasion  an  account  was  taken  of  the  number  of  furnaces 
and  the  quantity  of  iron  produced,  which  was  found  to  have  been  more  than 
doubled  in  ten  years ;  the  production  being 

In  England  and  Wales...  234,966  tons. 
In  Scotland  23,240  tons. 

Together  258,206  tons.  (See  App.  No.3.) 

Of  this  quantity  it  was  stated  that  about  95,000  tons  were  converted  into 
bars  and  plates,  and  that  the  capital  engaged  in  the  manufacture  amounted 
to  £5,000,000.  The  proposed  tax  was  so  powerfully  opposed  in  the  House 
of  Commons,  that  the  bill  was  carried  through  the  Committee  by  a  majority 
of  only  ten,  and  the  measure  was  abandoned. 

The  next  account  of  this  manufacture  which  has  been  given,  was  prepared 
by  Mr.  Francis  Finch,  formerly  member  for  Walsall,  and  had  reference  to 
the  year  1823.  From  that  account  (see  App.  No.  4)  it  appeared  that  in 
seventeen  years  the  make  of  iron  in  Great  Britain  had  been  increased  from 
258,206  tons  to  452,066  tons.  Between  1823  and  1830  there  were  erected 
ninety-six  new  furnaces ;  and  in  the  latter  year  it  was  found,  on  a  further  ex- 
amination by  Mr.  Finch,  that  the  quantity  of  pig-iron  made  in  Great  Britain 
amounted  to  678,417  tons  (see  App.  No.  5).  Our  confidence  in  the  cor- 
rectness of  the  quantities  here  stated  should  be  confirmed  by  their  having 
been  adopted  in  bis  evidence  before  the  Committee  on  Import  Duties  in  1840 
by  Sir  John  Guest,  whose  authority  upon  this  subject  is  conclusive. 

From  this  time  (1830)  a  series  of  improvements  has  been  introduced 
into  the  processes  of  making  iron,  which  has  had  the  effect  of  improving 
the  quality  of  the  metal  and  of  materially  oeconomising  the  cost  of  its  pro- 
duction. One  of  the  most  important  of  these  improvements  was  made  the 
subject  of  a  patent  in  1829  by  Mr.  Neilson  of  Glasgow,  and  consisted  in  the 
artificial  heating  of  the  air  previously  to  its  being  passed  into  the  furnaces. 
The  effect  of  this  plan  in  saving  fuel  has  been  most  remarkable.  In  1829, 
at  the  Clyde  Iron  Works,  where  Mr.  Neilson's  experiments  were  made,  and 
in  which  his  patent  was  first  adopted,  it  required  more  than  8  tons  of  coal, 
when  converted  into  coke,  to  produce  1  ton  of  cast  iron.  This  was  when 
the  air  was  forced  into  the  furnace  at  its  natural  temperature.  By  heating 
the  air  to  300^  Fahrenheit  preparatory  to  its  introduction,  it  became  neces- 
saiy  to  consume  for  each  ton  of  iron  produced  only  5  tons  3^  cwt  of  coal 
converted  into  coke ;  but  in  heating  the  air  to  the  required  degree^  nearly 
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8  cwt  of  coal  was  consamed.  The  saving  was  thus  found  to  be  2|  tons  of 
ooal  for  each  ton  of  iron.  Thus  encouraged,  further  experiments  were  made. 
The  previous  heating  of  the  air  was  raised  to  600°  Fahrenheit,  and  it  was 
then  found,  not  only  that  a  further  great  oeconomy  was  produced  in  the  fuel, 
but  that  coal  could  be  used  for  smelting  in  its  raw  or  uncoked  condition.  It 
was  further  discovered  that  the  same  blast-machinery,  when  the  air  was  thus 
heated,  sufficed  for  a  greater  number  of  furnaces,  so  that  the  power  neces- 
aary  for  three  furnaces,  when  cold  air  was  employed,  became  ample  for  four 
furnaces  of  equal  size  when  the  air  was  previously  heated.  The  result  may 
be  thus  stated : — 

In  1829,  using  coke  and  cold  air,  each  ton  of  iron  required  for  its  produc- 
tion 8  tons  1  cwt.  1  qr.  of  coal. 

In  1830,  using  coke  and  heated  air,  each  ton  of  iron  was  made  with  5  tons 
3  cwt  1  qr.  of  coal. 

In  1833,  using  raw  coal  and  heated  air,  each  ton  of  iron  was  made  with 
2  tons  5  cwt.  1  qr.  of  coal. 

The  saving  in  fuel  is  thus  seen  to  amount  to  72  per  cent. 

The  effect  of  the  hot-blast  upon  the  quality  of  the  iron  produced  has 
been  the  object  of  many  experiments  to  determine.  As  those  experiments 
were  in  great  part  undertaken  at  the  instance  of  the  British  Association,  and 
as  their  results  have  been  published  from  time  to  time  in  its  Transactions,  it 
cannot  be  necessary  to  notice  them  further  here.  Mr.  Neilson's  invention 
was  for  a  long  time  greatly  decried,  and  to  this  day  it  U  the  practice  with 
some  few  of  our  leading  engineers,  when  drawing  specifications  for  works,  to 
forbid  the  use  of  hot^blast  iron.  Under  these  circumstances,  the  introduc- 
tion of  this  plan  has  been  by  no  means  universal  in  the  iron-works  of  England 
and  Walec^  although  it  is  otherwise  in  Scotland,  where  the  increased  make 
of  iron,  from  37,500  tons  in  1830,  to  nearly  500,000  tons  in  the  past  twelve 
months,  may  be  in  great  part,  if  not  altogether,  ascribed  to  the  oeconomy 
which  Mr.  Neilson's  plan  has  occasioned.  But  for  the  introduction  of  that 
plan,  we  should  in  all  likelihood  not  have  witnessed  the  unequalled  develop- 
ment exhibited  during  the  past  fifteen  years  in  this,  which  has  now  become 
one  of  the  greatest  branches  of  our  national  industry.  Without  this  discovery 
our  railroad  system  could  not  have  marched  forward  with  such  giant  strides, 
and  in  all  probability  the  application  of  iron  to  the  building  of  ships, — an 
applicaUon  from  the  extension  of  which,  in  future  years,  so  many  advantages 
may  be  made  to  arise, — ^might  have  continued  unthought  of. 

In  a  letter  which  has  reached  me  while  writing,  from  a  most  intelligent 
iroD-master  in  the  North  of  England  *,  the  subject  is  thus  noticed : — 

^  Previously  to  this  invention,  metal  was  made  with  such  coal  only  as  was 
easily  destructible  before  the  blast,  thereby  admitting  a  greater  quantity  of 
air  into  the  furnace.  Air  is  the  food  of  fire.  Coals  of  a  stronger  or  more 
bituminous  character  were  not  serviceable ;  the  current  of  cold  air  at  the 
Tuyeres  had  the  effect  of  caking  the  coal  and  choking  the  admbsion  of  air, 
by  which  the  process  of  reduction  was  stopped.  But  when  Mr.  Neilson  intro- 
duced his  method  the  difficulty  was  conquered.  By  heating  the  air  up  to  600^ 
Fahrenheit,  the  caking  at  the  Tuyeres  no  longer  took  place ;  the  air  entered 
freely  into  the  furnace,  and  coal  hitherto  unserviceable  was  enlisted  into  the 
lenrice  of  mankind,  and  applied  to  the  great  improvement  of  their  condition. 

**It  was  pretended  that  the  metal  made  with  hot-blast  was  not  so  good; 
that  it  was  weaker;  and  for  a  long  time  it  was  tahooed  in  all  contracts ;  but 
this  delusion  is  gradually  giving  way  to  truth.  There  was  no  foundation  for 
Rich  prejudice.     It  is  known  that  air  does  not « bum  until  it  reaches  3000° 

*  Charles  Perkins,  Esq. 
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Fahrenheit ;  the  raising  of  it  to  600^  before  admission  to  the  furnace  was 
nothing,  nor  did  it  destroy  any  of  its  elementary  qualities ;  it  only  secured 
its  admission  and  ensured  its  regularity  of  action  in  the  process  of  reduction. 
This  was  an  increase  of  man's  power  over  elementary  matter :  it  is  by  the 
additions  to  and  the  increase  of  this  power  that  men  will  in  time  accomplish 
a  greater  and  more  powerful  condition." 

The  disinclination  to  adopt  an  innovation,  which  as  we  have  seen  in  this 
case  of  the  hot-blast,  has  not  been  entirely  overcome  by  more  than  fifteen 
years*  experience  of  its  advantages,  has  not  been  confined  to  that  instance^ 
but  has  been  allowed  for  a  much  longer  period  to  influence,  in  another  case, 
the  proceedings  of  our  iron-masters.  It  was  as  long  ago  as  1801,  that  Mr. 
David  Mushet,  to  whom  the  world  is  greatly  indebted  for  his  scientific  re- 
searches and  his  practical  exertions  in  this  important  branch  of  metallurgy, 
discovered  when  crossing  the  river  Calder,  in  the  parish  of  Old  M onkland,  a 
description  of  ironstone,  to  which  the  name  of  black-band,  or  Mushet-stone, 
has  been  given.  For  many  years  following  this  discovery  the  black-band  was 
used  only  in  the  Calder  Iron  Works,  which  were  establbhed  in  1800  by  Mr. 
Mushet,  and  it  was  not  even  there  employed  alone,  but  was  used  in  combi- 
nation with  other  iron  ores  of  the  argillaceous  class.  It  was  not  until  1825 
that  it  was  first  used  alone  by  the  Monkland  Company,  whose  success  in  the 
experiment  led  gradually  to  its  adoption  by  other  establishments,  and  to  the 
erection  of  additional  works. 

Mr.  Mushet,  in  his  <  Papers  on  Iron  and  Steel,'  p.  128,  thus  describes  the 
advantages  of  this  kind  of  ironstone : — 

^Instead  of  20,  25  or  SO  cwt.  of  limestone  formerly  used  £o  make  a  ton  of 
iron,  the  black-band  now  requires  only  6,  7  or  8  cwt.  to  the  production  of  a 
ton.  This  arises  from  the  extreme  richness  of  the  ore  when  roasted,  and 
from  the  small  quantity  of  earthy  matter  it  contains,  which  renders  the  ope- 
ration of  smelting  the  black-band  with  hot-blast  more  like  the  melting  of 
iron  than  the  smelting  of  an  ore.  When  properly  roasted,  its  richness  ranges 
from  60  to  70  per  cent,  so  that  little  more  than  a  ton  and  a  half  is  required 
to  make  a  ton  of  pig-iron ;  and  as  one  ton  of  coal  will  smelt  one  ton  of 
roasted  ore,  it  is  evident  that  when  the  black-band  is  used  alone,  35  cwt.  of 
raw  coal  will  sufiice  to  the  production  of  one  ton  of  good  gray  pig-iron." 

This  calculation  is  strongly  corroborated  by  a  statement  which  was  pro- 
duced by  Dr.  Watt  to  the  Statistical  Section  of  the  Association  at  Cambridge^ 
from  which  it  appeared,  that  to  make  400,400  tons  of  iron  in  the  counties  of 
Lanark,  Ayr,  Stirling  and  Clackmannan,  the  quantity  of  coal  consumed  was 
934,266  tons,  or  2  tons  6  cwt.  2  qrs.  18  lbs.  for  each  ton  of  iron,  part  of  which 
is  the  produce  of  argillaceous  ores. 

The  statement  of  these  discoveries  appears  necessary  in  order  to  account 
for  the  great  and  rapid  extension  given  since  1830  to  the  production  of  iron 
in  this  kingdom,  and  especially  in  Scotland. 

In  1836  every  iron-work  in  Great  Britain  was  visited,  and  an  account  taken 
of  its  produce,  by  a  highty-gifled  gentleman,  M.  F.  Le  Play,  ^'  Ing6nieur  en 
chef,"  employed  in  the  ^linistry  of  Public  Works  at  Paris,  under  whose  di- 
rection are  made  the  yearly  reports  describing  the  progress  of  mining  indus- 
try in  France,  of  which  I  have  on  former  occasions  availed  myself  in  pre- 
paring papers  read  before  this  Section  of  the  Association.  The  result  of  his 
inquiries  showed  that  in  that  year  the  quantity  of  iron  made  reached  to 
1,000,000  tons,  an  amount  then  deemed  almost  incredible,  but  which  in  the 
years  immediately  following  was  greatlv  exceeded.  In  his  '  Papers  on  Iron 
and  Steel,'  to  which  reference  has  already  been  had,  Mr.  Mushet  states 
(p.  4*21)  that  the  quantity  of  British  iron  made  in  1839,  was  1,248,781  tons 
(See  App.  No.  6). 
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In  the  Following  year  a  veiy  elaborate  inquiiy  into  this  subject  was  made 
by  Mr.  William  Jessop  of  the  Butterley  Works  in  Derbyshire,  and  the  result 
of  hb  inquiries  was  printed  by  him  for  private  distribution.  His  statement 
embraces  every  iron- work  in  Great  Britain,  and  gives  the  number  of  furnaces 
in  blast  and  out  of  blast,  with  the  weekly  produce  of  each  establishment. 
From  Mr.  Jessop^s  tables  it  was  shown  that  the  number  of  furnaces  in  blast 
in  that  year  (1840)  was  402,  and  the  number  out  of  blast  88 ;  the  weekly 
produce  of  the  402  furnaces  being  27)928  tons,  and  consequently  the  yearly 
produce,  taken  at  50  weeks'  working,  1,396,400  tons.  In  the  production  of 
this  quantity  Mr.  Jessop  states  that  there  were  consumed  4,877)000  tons  of 
coal,  being  at  the  rate  of  3  tons  in  Scotland,  and  3  tons  12  cwt  in  England 
and  Wales,  for  each  ton  of  iron.  This  was  exclusive  of  the  coal  used  in 
converting  pig-iron  into  wrought  iron,  and  which  he  sets  down  at  2,000,000 
tons  additional  (see  App.  No.  7).  At  the  time  Mr.  Jessop's  account  was 
taken,  it  appeared  that  out  of  420  furnaces  erected  in  England  and  Wales, 
there  were  82,  or  1  in  5,  out  of  blast,  and  that  of  70  furnaces  in  Scotland, 
6,  or  1  in  11,  were  in  that  condition.  The  rapid  increase  of  this  manufac- 
ture during  the  preceding  ten  years  forbids  the  belief  that  this  large  number 
of  furnaces  cotdd  have  been  idle  through  dilapidation.  In  fact,  the  country 
was  then  suffering  under  an  amount  of  commercial  depression  of  no  ordinary 
character,  and  which  continued  to  press  heavily  upon  almost  every  branch  of 
its  industry,  until  the  abundant  harvest  of  1844,  joined  to  the  effect  of  the 
fiscal  reforms  introduced  in  1842,  caused  the  return  of  healthiness  to  oar 
trading  interests.  The  continuance  of  the  depression,  which  had  no  doubt 
extinguished  so  many  of  the  furnace  fires  in  1840,  caused  still  more  of  them 
to  be  pat  out  of  blast  in  the  years  immediately  following,  and  it  was  shown 
by  a  statement  drawn  out  under  the  direction  of  an  association  of  the  iron- 
masters of  Yorkshire  and  Derbyshire,  that  the  quantity  of  iron  made  in  the 
first  six  months  of  1842  in  Yorkshire,  Derbyshire,  Staffordshire,  Shropshire, 
South  Wales  and  Scotland  did  not  exceed  523,214  tons,  or  at  the  rate  of 
1,046)428  tons  per  annum.  The  quantity  of  iron  made  in  those  divisions  of 
the  kingdom  in  1840  was,  according  to  Mr.  Jessop's  statement,  1)848,400 
tons,  so  that  the  diminution  of  production  was  at  the  rate  of  more  than  22 
per  cent.,  which  rate  was  probably  experienced  throughout  the  kingdom ; 
and  in  this  case  the  whole  quantity  of  iron  made  in  1842  did  not  much  ex- 
ceed one  million  of  tons,  the  quantity  ascertained  by  M.  Le  Play  to  have 
been  made  in  1836. 

A  great  impulse  had  been  given  at  that  time  to  this  branch  of  industry  by 
the  demand  arising  from  the  construction  of  railways.  This  impulse,  and 
the  subsequent  depression,  may  be  easily  inferred  from  the  following  state- 
ment of  the  number  of  railway  acts  passed  in  each  year  from  1831  to  1843, 
distinguishing  such  as  were  for  new  lines  from  those  which  authorized  ex- 
tensions or  amendments  in  former  acts,  and  giving  the  amount  of  capital 
aathorized  by  Parliament  to  be  raised  under  those  acts. 


Years. 

Acts  passed  for 

Capital  authorized. 

New  Lines. 

Extensions,&c. 

1831. 
1832. 
1833. 
1834. 

5 
5 

5 
5 

4 
4 

6 
9 

1,799,873 

667,685 

5,525,333 

2,312,053 
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Table  (continued). 


Acts  passed  for 

Yean. 

Capital  authorized. 

New  Lines. 

Extensioqiy&c. 

1835. 

8 

11 

4,812,833 

1836. 

29 

6 

22,874,998 

1837. 

15 

27 

13,521.799 

1838. 

2 

17 

2,096,198 

1839. 

3 

24 

6,465,797 

1840. 

— 

24 

2,495,032 

1841. 

1 

18 

3,410,686 

1842. 

4 

18 

5,311,642 

1843. 

5 

19 

3,861,350 

We  see  from  these  figures,  that  in  the  two  years  1836  and  1837>  Parliament 
passed  77  railway  bills,  of  which  44  were  for  new  lines,  and  that  the  capital  thus 
authorized  to  be  raised,  amounted  to  more  than  36  millions  of  money.  The 
length  of  the  lines  then  sanctioned  amounted  in  the  aggregate  to  nearly 
1200  miles,  and  would  call  for  the  production  of  more  than  500,000  tons  of 
iron.  The  price  of  bar-iron,  which  in  1834  had  been  6/.  lOs.  per  ton,  and 
in  1835  was  7/.  105.,  advanced  in  1836  to  11/.,  and  this  gave  a  powerFul 
stimulus  to  the  extension  of  the  manufacture.  So  great  a  rbe  in  the  market 
value  of  the  metal  checked  its  use  however  for  a  great  variety  of  purposes, 
and  when,  in  the  years  following  1837)  the  railway  speculation  so  far  8ub« 
sided,  that  only  15  acts  were  passed  for  the  construction  of  new  lines  in  the 
six  years  from  18S8  to  1843,  the  price  of  iron  fell  as  rapidly  as  it  had  previ- 
ously risen,  and  it  could  with  difficulty  be  sold  at  less  than  half  the  price 
which  it  commanded  in  1836.  In  this  state  of  things,  the  iron-masters 
sought  to  lighten  their  loss  by  limiting  the  production,  rather  than  by  forcing 
their  goods  into  use  by  lowering  the  price.  This  appears  to  have  been  done 
to  a  greater  extent  in  England  and  Wales  than  in  Scotland,  where  for  reasons 
already  explained,  the  cost  of  production  had  been  so  lessened  as  to  enable 
the  iron-masters  to  work  to  a  profit  at  prices  by  which  their  English  compe* 
titors  were  losing  on  every  ton  they  brought  to  market. 

Since  Mr.  Jessop  made  his  statement  in  October  1840,  not  any  attempt 
has  been  made  to  ascertain  the  progress  of  the  iron  manufacture  throughout 
England  and  Wales,  from  which  any  result  can  be  confidently  given.  In 
Scotland,  where  the  principal  extension  has  occurred,  several  statements  of 
the  kind  have  been  put  forward.  One  of  these,  the  correctness  of  which  has 
been  generally  admitted  by  those  whose  knowledge  upon  the  subject  should 
give  weight  to  their  opinion,  states  the  number  of  furnaces  in  blast  in  March 
1845,  and  the  weekly  and  yearly  produce  from  the  same  to  have  been  76 
furnaces,  yielding  8250  tons  of  iron  weekly,  or  in  the  year  of  50  weeks,  41 2,500 
tons.  At  that  time  there  were,  according  to  this  statement,  22  more  fur* 
naces  built  and  building,  and  the  whole  of  these  it  was  expected  would  be 
in  blast  in  the  course  of  12  months  from  that  time.  It  is  stated  by  a  respect- 
able firm  in  Glasgow,  that  in  December  1845,  there  were  87  furnaces  in 
blast  in  Scotland,  the  number  at  the  end  of  1844  having  been  69;  the  in- 
creased make  of  pig-iron  in  1845  as  compared  with  1844  is  stated  at  60,000 
tons.  The  lowest  price  at  Glasgow  in  January  1844  was  40«.  per  ton,  and 
the  highest  price  for  the  year,  caused  in  great  part  by  the  purchases  of  spe- 
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calators  tempted  by  that  extremely  low  price,  occurred  in  April,  when  the 
quotation  stands  at  65s,  per  ton  :  in  September  the  price  was  again  reduced 
to  50»^  and  the  average  price  of  the  year  was  559, 6d.  per  ton.  In  1845,  the 
lowest  price,  which  abo  occurred  in  January,  was  60«.,  and  in  March  the 
price  had  advanced  to  lOOf. ;  in  May  purchases  were  freely  made  at  110#. ; 
aod  we  cannot  wonder  that  with  a  rise  in  price  equal  to  175  per  cenU,  so  great  a 
stimulus  should  be  given  to  the  extension  of  iron-works.  On  the  authority 
of  the  same  firm,  it  is  stated,  that  the  number  of  furnaces  in  blast,  which  at 
the  end  of  1845  was  87,  was  on  the  30th  of  June  1846  increased  to  97)  and 
that  the  computed  make  of  pig-iron  in  Scotland,  in  the  first  six  months  of 
the  present  year,  is  260,000  tons,  equal  to  520,000  tons  in  the  year,  showing 
that  the  production  has  been  more  than  doubled  in  the  six  years  since  1840. 
I  have  before  me  a  detailed  account  of  the  iron-works  of  Scotland  in 
August  1846»  which  gives  105  as  the  number  of  furnaces  in  blast,  21  as  those 
out  of  blast,  in  addition  to  11  more  building.  The  weekly  make  of  pig-iron 
at  the  105  furnaces  is  said  to  be  11,010  tons,  equal  to  550,050  tons  per 
annum  ;  estimating  that  each  furnace  is  in  action  during  50  weeks.  This  ac* 
count  is  in  part  corroborated  by  a  table  kindly  sent  to  me  by  Dr.  Watt,  of  the 
vorks  in  Lanarkshire,  and  which  places  the  yearly  produce  of  that  county  at 
390,000  tons.  It  is  further  stated,  that  notwithstanding  the  great  increase  in 
thp  quantity  made,  according  to  the  concurrent  testimony  of  all  parties,  the 
ftock  of  iron  in  the  hands  of  the  makers  and  dealers  has  materially  decreased. 

The  stock  in  Glasgow  at  the  end  ot'  1845  was  210,000  tons 
and  on  the  30th  of  June  1846,  only  ....  140,000 

Decrease 70,000  tons. 

It  may  be  assumed  that  this  increase  of  production,  although  it  may  have 
been  at  first  called  forth  by  speculation,  has  not  been  sustained  by  those 
means,  since  the  stock  has  thus  diminished  in  the  face  of  that  increase,  while 
the  price  has  been  declining.  In  January  it  was  80«.  and  in  June  689.  per  ton. 

A  statement  which  appeared  in  the  *  Glamorgan  Gazette*  computed  the 
make  of  iron  in  1843  at  1,210,550  tons,  of  which  quantity  288,750  tons  were 
assigned  to  Scotland.  The  entire  quantity  was  stated  to  have  been  the  pro* 
duce  of  339  furnaces  in  blast,  while  there  were  said  to  be  190  furnaces  out 
of  blast  in  different  parts  of  the  kingdom.  Another  statement,  communicated 
to  me  by  Mr.  Buckley  (Member  of  Parliament  for  Newcastle),  differs  but 
slightly  from  that  which  was  inserted  in  the  '  Glamorgan  Gazette,'  the  total 
quantity  made  being  given  as  1,215,350  tons  (see  App.  No.  10). 

In  the  absence  of  any  authentic  statement  of  the  make  of  iron  in  England 
and  Wales  at  this  present  time,  an  attempt  has  been  made  by  correspondence 
to  ascertain  the  facts  as  they  exist  in  different  localities.  The  result  of  in- 
quiries thus  conducted  cannot  have  the  same  value  as  the  investigations  made 
by  Mr.  Jessop  in  1840,  but  is  offered  here  as  the  best  which  it  has  been  in 
my  power  to  produce. 

It  is  given  as  the  opinion  of  several  most  intelligent  iron-masters  whom  I 
have  consulted,  that  nearly  all  the  increased  production  of  iron  in  this  king- 
dom since  1840,  has  been  draw^  from  Scotland.  It  is  true  that  in  some  of  the 
Scotch  works  there  is  already  experienced  a  short  supply  of  materials,  but  on 
the  other  hand,  new  fields  are  discovered  and  brought  into  working.  Mr. 
Jesaop  states,  that  "  a  new  field  of  coal  and  iron  has  been  opened  out  in 
Aynhire,  but  not  so  favourable  as  the  Airdrie  and  Coalbridge  district."  The 
great  demand  at  present  experienced,  and  that  which  is  sure  to  follow  from 
the  extent  of  the  railway  projects  which  have  received  legislative  sanction  in 
IBi5  and  1846,  have  naturally  stimulated  every  establishment  to  its  utmost 
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point  of  production.  But  in  order  to  add  materially  to  the  make  of  iron,  a 
great  variety  of  circumstances  must  be  brought  to  concur.  One  of  the 
greatest  difficulties  with  which  the  manufacturers  have  to  contend  in  such 
circumstances  is  offered  hj  the  workmen,  who  naturally  enough,  perhaps, 
strive  to  obtain  for  themselves  the  largest  possible  share  of  the  increased  value 
of  that  which  they  produce.  To  be  of  much  use  in  any  branch  of  this  ma- 
nufacture a  man  must  have  undergone  a  season  of  instruction,  and  as  the 
number  of  skilled  workmen  is  limited,  these,  whenever  any  great  or  unwonted 
demand  arises,  hardly  know  how  to  set  limits  to  their  demands.  On  this 
subject,  a  recent  number  of  the  *  Merthyr  Guardian'  contains  the  following 
paragraph. 

"  Prosperity  in  the  Iron  Trade. — We  believe  the  iron  trade  in  this  district 
was  rarely  ever  known  to  be  in  a  more  thriving  state  than  at  the  present 
time.  Forgemen  and  puddlers  realize  from  10/.  to  ISL  per  month.  But 
this  state  of  prosperity  brings  its  attendant  snare,  inasmuch  as  the  surplus 
which  should  be  accumulating  in  the  Savings'  Banks,  is  in  too  many  cases 
squandered  in  debauchery  or  lavished  in  vice.  The  state  of  things  calla 
loudly  for  a  remedy." 

This  complaint  will  not  surprise  us  when  we  call  to  mind  the  fearful  de- 
scription of  the  state  of  the  population  of  Merthyr,  read  before  this  section 
of  the  Association  at  Cambridge,  by  Mr.  Kenrick.  But  the  same  complaint 
is  made  in  other  quarters,  and  there  is  but  too  much  reason  to  fear  that  it 
might  be  universally  preferred.  In  a  letter  now  before  me,  an  extensive 
iron-master  in  the  north  of  England  writes  on  the  15th  of  August  last, — **  The 
cost  of  making  iron  from  the  recent  spirt  of  prosperity  has  increased  so 
enormously  that  the  <  prosperity '  has  well-nigh  ruined  many  makers  I  wages 
are  so  ruinously  raised.'* 

A  gentleman  writes  from  Scotland  in  June  184?5, — "This  is  the  present 
position  of  the  trade.  The  speculators  were  first  bitten  by  the  mania  of  an- 
ticipated consumption ;  then  the  masters  took  the  fever,  and,  as  was  to  be 
expected,  the  workmen  follow,  and  say  they  must  have  a  rise  of  wages  equi- 
valent to  the  11  Of.  price.  It  is  nothing  to  them  that  iron  has  again  fallen ; 
they  say,  first  put  us  up  equivalent  to  the  high  price  before  you  can  ask  us 
to  conform  to  the  present  The  iron-master  will  therefore  find  that  he  must 
give  the  wages  corresponding  to  11  Of.,  although  he  may  sell  at  70s*  or  less.** 
It  is  understood  that  chiefly  from  this  cause  the  cost  price  of  iron  in  Scotland 
has  been  increased  about  15f.  per  ton. 

May  we  not  reasonably  allow  ourselves  to  indulge  the  hope,  that  at  some 
future,  and  perhaps  not  very  distant  day,  the  two  classes  of  employers  and 
workmen  may  come  to  the  better  understanding  of  then*  mutual  interest,  so 
that  the  sun  of  prosperity,  whenever  it  arises,  may  shine  equally  for  both  ? 

Statements  were  inserted  in  the  course  of  last  year  in  the  '  Mining  Journal,* 
and  were  made  the  subject  of  remark  by  different  persons  without  impugn- 
ing their  accuracy,  to  the  effect  that  the  make  of  iron  in  Great  Britain  during 
1845  would  amount  to  about  1,330,000  tons.  If  the  statement  concerning 
the  production  in  Scotland  already  mentioned  should  be  correct,  this  would 
leave  for  the  make  in  England  and  Wales  917,500  tons,  being  134,000  tons 
less  than  the  quantity  stated  by  Mr.  Mushet  as  made  in  1839,  and  238,000 
less  than  the  produce  of  1840,  as  given  by  Mr.  Jessop.  The  increase  in 
Scotland  during  the  five  years  was,  on  the  other  hand,  171,500  tons,  thus 
leaving  the  whole  produce  of  1845  less  than  that  of  1840  by  66,500  tons. 

It  will  doubtless  appear  extraordinary,  that  with  so  much  cause  for  increa- 
sing the  quantity  as  had  arisen  last  year  out  of  the  actual  and  anticipated 
demand  for  railway  purposes,  the  produce  in  England  and  Wales  should  not 
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at  least  have  overtAken  that  obtained  in  1840,  and  that  it  had  not  done  to 

calls  for  explanation.    In  the  endeavour  to  obtain  this  I  have  been  met  by 

itatements  which  might  appear  to  be  in  aome  reapecta  somewhat  contradic- 

toiy  of  each  other,  the  different  writers  repreaenting  matters  aa  preaented  to 

their  own  viewa  and  ezperience»  and  without  poaaeaaing  that  general  acquaint* 

aocewith  the  facts  existing  in  other  diatricta  which  it  ia  ao  deairable  to  attain. 

One  moat  highly  intelligent  iron-maatef  whom  I  have  consulted  writes,  **  I 

conaider  now,"  that  ia,  since  the  diacovery  of  the  hot^blast  ayatem,  **  that  all 

the  ironstone  and  coal  of  thia  country  ia  applicable  to  the  production  of  iron. 

I  fear  however  that  the  depoaita  of  ironatone  exceed  very  much  thoae  of  coal* 

and  that  the  increaaing  demand  upon  thia  latter  article  will  before  many  yeaiv 

ihow  ita  effects.    I  think  in  Staffordahire  they  already  feel  a  want  in  the  high 

price  of  coal,  and  the  iron  trade  aeema  migrating  northward,  where  coal  is 

more  abundant  and  different  depoaita  of  ironatone  are  continually  discovered." 

The  gentleman  who  thus  writes  is  interested  in  iron-works  in  the  county  of 

Northamberland,  where  the  make  of  iron  has  increased  and  is  increasing 

greatly  and  rapidly,  but  still  not  sufficiently  to  compensate  for  the  falling  <^ 

of  prwiuction  elsewhere. 

Another  gentleman,  from  whom  I  have  received  great  aaaiatance  in  my 
inqniriea,  writea^  "  In  aome  of  the  localitiea  in  Scotland  there  is  beginning  to 
be  a  great  scarcity  of  ironstone,  several  fumaoea  being  recently  put  out  in 
consequence ;  and  in  Staffordshire  still  more  so.  People's  ideas  about  increase 
of  make  of  iron  travel  much  faster  than  the  reality.  In  fact,  during  1845 
great  numbers  of  the  furnaces  in  Stafibrdshire  were  going  on  Aa/|f*quantity, 
simply  from  want  of  materials ;  this  /  Anofi^."  It  is  corroborative  of  this  re* 
presentation,  that  a  powerful  iron  companv,  having  works  in  Staffordshire,  has 
for  aome  time  had  two  new  furnaces  completed  without  putting  them  in  action. 
From  a  third  correspondent,  whose  interest  is  in  the  great  iron  district  of 
South  Wales,  I  hear  of  so  great  a  number  of  new  works  building  in  Durham, 
Cumberland,  Northumberland  and  Scotiand,  that  any  account  taken  of  the 
produce  In  those  districts,  even  so  recently  as  last  April,  muat  neceaaarily  be 
very  imperfect  He  adds,  **  They  are  progressing  so  rapidly,  and  can  pro* 
duee  iron  at  such  a  cheap  rate  in  these  new  iron  districts,  as  to  lead  to  the 
conclusion  that  ultimately  the  principal  seat  of  the  iron  manufacture  will  be 
removed  Otom  South  Wales  to  the  North  of  England  and  Scotland." 

On  the  other  hand,  Mr.  Mushet,  whose  acquaintance  with  the  subject  is 
probably  of  a  more  general  nature  than  that  of  my  correspondents  preViottsly 
quoted,  writes  so  recently  as  the  16th  of  August  in  the  present  year,— *'' The 
principal  object  in  the  iron  trade  which  now  attracts  attention  ia  the  recent 
diacovery  of  an  extenaive  diatrict  of  black*band  ironatone,  ranging  from 
beyond  Cwm  Avon,  through  Maeateg,  towarda  the  valley  of  the  T^e.  The 
two  principal  beda  or  veina  of  black-band  He  high  in  the  eoal  aeries,  and  in 
this  respect  differ  from  the  Beaufort  black-band,  which  was  found  over  the 
lowest  coal,  and  from  the  Scotch,  which  was  found  descending  in  the  coal- 
aeries  at  various  deptha.  Theae  beda  meaaure  fifteen  inchea  each  in  thick- 
neaa,  and  will  each  yield  fully  SOOO  tona  per  acre.  The  lower  bed  contains 
40  per  cent,  of  iron,  and  is  put  raw  into  the  furnace ;  the  other  is  previously 
roasted,  as  it  contains  more  shale,  and  when  so  roasted  yielda  the  same  quan- 
tity of  iron  as  the  other  when  raw.  Aa  thia  range  of  minerala  occupiea  both 
sides  of  the  line  from  Cwm  Avon  to  Cwm  Taffe,  large  tracta  of  black-band 
ironstone  must  unavoidably  be  found,  and  it  may  not  be  hazardous  to  pro- 
nounce that  this  in  time  may  rival  Merthyr,  and  become  an  extensive  iron- 
making  district,  probably  the  Lanarkshire  of  South  Wales."  Mr.  Mushet 
furnishes  a  list  of  fourteen  fumaoes  in  which  this  black-band  ironstone  is 
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partly  used,  and  mentions  three  other  furnaces  now  building  in  which  it  will 
be  employed. 

Referring  to  the  counties  of  Durham  and  Northumberland,  Mr.  Mushet 
gives  a  list  of  thirty-five  furnaces  where  twenty  years  ago  only  one  blast- 
furnace, at  Chester-le-street,  was  known  to  exist ;  and  he  mentions,  but  not 
as  of  his  own  knowledge,  another  source  of  supply  as  about  being  brought 
forward  into  notice  from  the  spoil  and  waste  of  the  lead-mines  in  Weardale, 
*^  which  are  now  worked  and  have  been  so  for  ages."  He  says,  "  The  rider 
of  the  lead-ore  is  a  true  carbonate  of  iron,  some  of  it  yielding  from  25 
to  40  per  cent  A  small  blast-furnace  has  been  erected  at  Stanhope,  where 
a  very  important  and  interesting  experiment  has  been  made,  and  a  suc- 
cessful result  obtained,  in  which  this  rider  ironstone  has  been  smelted,  and 
pig-iron  of  a  strong  and  excellent  quality  produced.  This  ore,  even  after 
being  ground  and  washed,  still  contains  some  particles  of  galmoLy  and  which 
in  smelting  gives  out  at  the  furnace-top  a  heavy  cloud  of  sulphurous  smoke, 
of  a  forbidding  aspect.  The  pig-iron,  however,  when  remelted,  yields  no 
smoke  from  its  surface,  which  would  be  the  case  if  a  small  quantity  of  me- 
tallic lead  were  thrown  in,  from  which  it  may  be  inferred  that  the  lead  is  in 
the  process  of  smelting  entirely  dissipated  and  driven  off.  What  effect  may 
be  produced  upon  the  conversion  of  this  iron  into  bar-iron  remains  to  be  de- 
termined. The  result  of  this  experiment  has  been  deemed  so  satisfactory  as 
to  induce  the  company  to  erect  large  smelting- works  about  three  miles  from 
Wolsingham.  These  works  consist  of  two  powerful  blast-engines  and  six 
large  blast-furnaces.  In  this  enterprise  we  shall  by  and  by  behold  the  spoil 
of  ancient  mines,  which  has  reposed  for  ages,  brought  to  light,  no  longer  as  a 
useless,  but  as  a  useful  material  for  the  production  of  the  common  and  ordi- 
nary sorts  of  pig-iron.  Great  and  beneficial  results  are  calculated  upon,  and 
should  they  be  realized,  will  no  doubt  contribute  greatly  to  the  produce  of 
our  iron  manufacture." 

Other  authorities  do  not  speak  so  hopefully  of  this  discovery,  and  certain 
it  is,  that  of  the  six  blast-furnaces  of  which  Mr.  Mushet  speaks,  only  three 
have  hitherto  been  erected,  and  only  one  of  these  is  lighted.  A  great  part 
of  the  furnaces  now  existing  in  Durham  are  chiefly  employed  in  reducing 
ores  procured  from  Whitby  and  from  Scotland,  and  occasionally  small  quan- 
tities of  hematite  ore  are  procured  from  Devonshire  and  from  Cumberland. 
There  is  a  considerable  quantity  of  ironstone  of  the  argillaceous  kind  in  the 
eastern  division  of  Durham,  but  it  is  for  the  most  part  found  at  inaccessible 
depths,  or  in  such  positions  of  dislocation  as  to  render  the  cost  of  working  it 
too  great.  At  a  place  called  Shottley-bridge,  about  fifteen  miles  west  of 
Newcastle,  where  the  ore  is  plentiful  and  very  accessible,  there  have  been 
eight  furnaces  at  work  for  some  time,  and  six  others  are  now  about  to  be 
lighted.  The  argillaceous  ironstone  found  at  that  place  resembles  in  quality 
the  ironstone  of  Staffordshire.  This  is  the  only  portion  of  the  county  of 
Durham  in  which  it  has  hitherto  been  found  practicable  to  make  iron  in  any 
large  quantity  with  materials  wholly  found  on  the  spot  I  have  a  list  of 
twenty-two  furnaces  now  in  blast  in  the  two  counties  of  Durham  and  North- 
umberland yielding  weekly  1895  tons  of  pig-iron,  equal  to  a  yearly  produc- 
tion of  94,750  tons,  the  quantity  made  in  184S  having  been  estimated  at 
25,750  tons,  and  in  1844  to  only  21,250  tons.  In  various  localities  in  North- 
umberland there  is  abundance  of  clay-ironstone  in  the  immediate  vicinity  of 
plenty  of  excellent  coal  and  limestonCt  and  in  the  course  of  years  large  quan- 
tities of  iron  may  be  made  in  that  district  The  great  obstacle  to  any  sudden 
increase  there  and  elsewhere  is  offered,  as  already  mentioned,  by  the  difificulty 
of  procuring  skilled  labour.    Any  addition  to  the  number  of  coal-miners  can 
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be  made  onlj  by  slow  degrees,  and  the  same  condition  applies  to  all  other 
dasses  of  pawns  whose  labour  is  required  for  the  manufacture  of  iron.  It 
is  hopeless  to  stimulate  the  exertions  of  the  persons  already  employed.  They 
are  oaturelly  ready  enough  to  exact  higher  rates  of  wages  when  the  demand 
for  their  kbour  becomes  more  urgent,  but  succeeding  in  this  they  prefer  to 
obtain  the  same  amount  of  earnings,  with  higher  rates  of  wages,  to  the  secu- 
riog  of  greater  gains  by  the  exertion  of  even  the  same  amount  of  toil,  so  that 
a  greater  urgency  in  the  demand  may  be,  and  frequently  is,  accompanied  by 
a  lessened  production. 

Under  these  circumstances,  how  the  enormous  demand  existing  and  to  arise 
irom  carrying  out  the  railway  schemes  already  sanctioned  is  to  be  met,  it 
vould  be  most  difficult  to  say.     The  laying  down  of  these  lines  and  providing 
them  with  the  needful  working  stock  of  carriages,  &c.  would  absorb  all  the 
iron  which  it  is  reasonable  to  expect  will  be  made  in  Great  Britain  during 
the  next  three  years,  and  it  affords  no  satisfactory  solution  of  this  difficulty  to 
»y  that  the  quantity  required  will  only  be  called  for  progressively,  and  that 
the  demand  will  be  spread  over  the  same  three  years.    To  render  this  circum- 
stance effective,  we  should  be  assured  that  no  further  projects  will  be  sanc- 
tioned during  the  time  spent  in  their  construction,  an  assurance  for  which 
TB  can  hardly  look,  and  even  then  we  should  be  left  without  a  ton  of  iron 
applicable  to  the  thousand  other  purposes  for  which  this  metal  is  so  indis- 
pensj^ble.    If  the  difficulty  presented  by  the  want  of  labour  could  be  sur- 
mounted, there  appears  no  rational  ground  for  supposing  that  we  should,  for 
a  very  long  time  to  come,  experience  any  deficiency  in  the  means  for  making 
iron.    In  the  anthracite  coal  district  of  South  Wales,  where  clay-ironstone  is 
thickly  interstratified  with  the  coal  seams,  there  appears  to  be  no  reason  to 
doubt  that  if  the  means  employed  in  the  anthracite  district  of  America  for 
smelting  the  clay-ironstone  were  adopted,  it  would  prove  equally  successful. 
jThe  difficulty  consists  in  the  sluggish  nature  of  anthracite,  which  requires  a 
more  rapid  draught  than  can  be  provided  by  the  ordinary  means  of  bellows 
and  tall  chimneys ;  and  this  is  overcome  in  America  by  obtaining  a  great 
volome  of  air  by  means  o^fannerf.    The  iron  made  with  raw  anthracite  coals 
has  been  found  by  Mr.  Mushet  to  be  much  stronger  than  iron  made  with 
coke,  and  afler  a  variety  of  experiments,  the  earlier  of  which  afforded  but 
small  encouragement,  this  fuel  has  been  adopted  by  the  proprietors  of  twenty- 
three  furnaces,  who  avail  themselves  of  only  the  ordinary  means  for  providing 
a  blast.     The  manner  in  which  the  railway  demand  has  already  limited  other 
uses  of  iron,  may  be  gathered  from  the  following  extract  from  a  letter  of 
recent  date  written  to  me  by  Mr.  Mushet : — 

*' At  the  above  period  (1840)  merchant  bar-iron,  boiler-plate,  sheet-iron 
and  rod- iron,  principally  occupied  our  mills;  but  these  of  late,  particulariy  in 
South  Wales,  have  given  way  in  a  great  measure  to  the  manufacture  of 
railway  bars,  so  as  to  eclipse  in  a  striking  manner  the  varied  and  extensive 
assortments  required  by  the  merchants'  demands."  The  long  period  of  dul- 
ness  that  intervened  between  1839  and  the  beginning  of  1845,  accompanied 
as  It  was  by  a  continued  fall  in  the  market  price  of  iron,  caused  this  metal  to 
be  applied,  most  advantageously,  to  a  variety  of  new  purposes,  from  which  it 
will  be  prejudicial  henceforth  to  withdraw  it.  In  a  well-known  mercantile 
circular  letter  issued  in  February  1845  by  Messrs.  Jevons  of  Liverpool,  it  is 
stated  that  there  had  arisen  "  a  new  and  increasing  demand  for  iron  roofs, 
rron  houses,  and  lire-proof  buildings  in  Liverpool,"  and  that  during  the  year 
then  just  passed  upwards  of  20,000  tons  of  cast  and  wrought  iron  had  been 
io  used  in  that  town.  These  gentlemen  further  stated  that  preparations  were 
going  forward  for  the  erection  of  still  more  extensive  ranges  of  buildings  of 
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similar  conatruction  daring  1S45,  and  that  the  sailing-thips  and  tteam-vefsela 
then  under  constnictioa  in  that  port  would  require  25»000  tons  of  plate-iron 
and  angle-iron. 

The  employment  of  iron  for  the  poqxMe  last  mentioned,  that  of  ship^ 
building,  has  already  been  an  object  of  very  great  national  importance.  The 
extent  to  which  this  use  for  the  metal  may  be  carried  in  future  yean  it  is 
not  possible  to  foresee,  but  we  may  base  upon  even  our  present  limited  ex- 
perience the  hope  that  by  this  means  our  furnaces  and  forges  may  be  pro- 
vided with  some  employment  when  our  system  of  railways  shall  be  completed* 
The  tonnage  of  mercantile  shipping  belonging  to  the  British  empire  in  184s5 
was  3,714<,061  tons,  and  exceeded  the  amount  in  existence  in  1814  by 
1,097,096  tons,  but  during  that  interval  there  were  built  and  registered  ships 
amounting  in  their  measurement  to  5,476,957  tons,  so  that  there  were  required 
to  be  built  ships  of  the  aggregate  burthen  of  4',S79,861  tons,  in  order  to  re* 
pair  the  waste  occasioned  by  wear  and  tear  and  by  losses :  altogether  the 
building  of  ships  has  gone  forward  at  the  average  rate  of  176,676  tons 
yearly.  Assuming  for  the  moment  that  this  same  rate  of  building  will  be 
called  for  in  future  years,  and  that  the  whole  of  the  mercantile  shipping  oon« 
structed  would  be  built  of  iron,  this  would  prove  a  very  insufficient  substitute 
for  the  demand  now  existing  for  railway  purposes.  I  have  before  me  a 
statement  of  the  weight  of  iron  used  in  building  eight  large  sea-going  steam- 
vessels,  the  aggregate  measurement  of  which  was  5922  tons,  by  which  it  is 
shown  that  the  metal  used  was  2877  tons  weight,  or  9  cwt  2  qrs.  24*  lbs.  for 
each  ton  of  measurement,  and  at  this  rate  the  construction  of  176,676  tons  of 
shipping  in  each  year  would  provide  a  market  for  no  more  than  85,814  tons 
of  wrought  iron,  equal  to  115,849  tons  of  pig-iron.  We  cannot  suppose, 
however  great  may  be  the  advantages  attendant  upon  the  substitution  of  iron 
for  timber  in  ship-building,  that  this  use  of  the  latter  material  will  be  all  at 
once,  or  indeed  for  many  years,  abandoned.  There  are  many  existing  inter- 
ests opposed  to  the  change,  and  there  is  much  of  prejudice  still  to  be  over- 
come before  all  our  merchant-ships  will  be  built  of  iron.  We  must  likewiae 
bear  in  mind  the  now  well-established  fact,  that  iron  ships  are  far  more  durable 
than  those  built  of  timber,  that  they  require  much  less  repair,  and  that  they 
are  less  subject  to  accident  and  to  loss.  It  cannot  be  necessary,  however,  to 
enlarge  upon  this  subject,  since  the  Association  has  already  been  favoured 
by  Mr.  Fairbairn  at  one  of  its  former  meetings — ^that  held  at  Glasgow  in 
1840 — with  a  valuable  paper  upon  the  subject. 

Placing  this  subject  in  another  point  of  view,  may  we  not  however  feel 
justified  in  believing,  that  when  opposing  interests  shall  have  been  silenced, 
and  existing  prejudices  shall  be  overcome,  and  the  fast  increasing  commerce 
of  this  country  shall  have  experienced  some  degree  of  that  development 
which  is  expected  to  spring  from  late  changes  in  our  commercial  legislation, 
the  rate  of  increase  hitherto  sufficient  to  supply  the  waste  of  our  mercantile 
marine,  and  to  provide  what  has  been  necessary  for  its  increase,  will  no  longer 
suffice  to  that  end,  and  that  although  our  iron  ships  nuty  outlast  by  three  or 
four  times  the  less  durable  vessels  now  constructed,  and  through  all  their 
existence  may  call  for  little  or  no  materials  to  be  used  for  their  repair,  that 
the  necessity  for  additional  shipping  may  in  great  part  prove  an  equivalent 
for  the  lessened  demand  otherwise  arising  ? 

The  building  of  iron  ships  is  at  this  time  proceeding  at  a  greater  rate  than 
at  any  previous  moment  since  their  first  introduction,  although  the  price  of 
iron  has  so  materially  advanced,  and  this  should  give  us  the  assurance  that 
when,  as  we  may  expect  it  will  happen,  the  falling  off  of  railway  demand,  or 
the  exertions  of  our  iron-masters,  shall  have  restorod  the  equilibrium  betweei^ 
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Qjiply  and  demand,  and  the  price  shall  again  have  become  more  moderate, 
m  impetus  will  be  given  to  the  production  of  shipping,  not  alone  for  the 
uses  of  our  own  merchants,  but  for  carrying  on  the  trade  and  navigation  of 
Ither  countries.  The  cost  of  our  shipping  will  then  be  so  materially  reduced, 
poth  their  first  cost  and  the  expense  of  their  maintenance,  that  the  objection 
10  ofien  and  unfortunately  so  successfully  offered  by  our  shipowners  to  any 
nelazations  in  our  commercial  code  affecting  their  business,  that  the  greater 
cheapness  with  which  shipping  can  be  produced  in  foreign  countries  prevents 
Jimr  successfully  competing  with  ships  of  those  countries,  can  no  longer  be 
arged  with  any  plausibility ;  but  on  the  contrary,  that  ships  of  English  con- 
i  iCniction  will  then  be  the  cheapest  in  the  world.  It  has  been  said  that  flue- 
laationa  in  the  price  of  iron  do  not  cause  any  considerable  difference  in  the 
90st  of  iron  vessels,  so  large  a  proportion  of  their  whole  cost  consisting  in 
labour.  A  reduction  of  S20«.  per  ton  in  the  price  of  the  material  will,  how- 
ever, cause  an  oeconomy  of  lOf.  per  measurement  ton  in  the  cost  of  the  ship, 
aocl  it  will  hardly  be  said  that  the  very  possible  rise  or  fall  of  3/.  or  4/.  per 
Um  in  the  price  of  iron  plates  is  an  immaterial  circumstance  to  the  ship- 
builder. But  the  cheapness  here  spoken  of  will  no  doubt  be  principally 
found  in  the  greater  dui:ability  and  the  insignificant  cost  of  repairs  of  metal 
ebipa. 

A  statement  was  inserted  a  few  months  ago  in  a  Scotch  newspaper,  giving 
tbe  particulars  of  the  iron  ships  then  under  construction  in  the  Clyde ;  they 
asiounted  to  twenty-four  in  number,  and  were  of  the  aggregate  burthen  of 
14<9032  tons  (see  Appendix  No.  8).  These  were  all  steam- vessels,  to  which 
daaa  of  shipping  iron  has  hitherto  been  principally  applied,  although  there  is 
no  reason  for  supposing  that  it  is  not  equally  applicable  to  every  description 
of  naval  architecture.  The  reason  for  this  circumstance  may  probably  be 
foand  in  the  fact,  that  the  construction  and  employment  of  steam- vessels  has, 
for  the  most  part,  been  undertaken  by  persons  not  previously  interested  in 
abipping,  and  who  consequently  had  no  prejudice  or  habit  to  overcome  in 
tbeir  choice  of  material. 

This  statement,  imperfect  as  it  necessarily  is,  would  be  more  glaringly  so 
if  it  did  not  present  some  particulars  of  our  external  iron  trade. 

So  recently  as  the  beginning  of  the  present  century  more  than  two-fiflhs 
of  all  the  iron  used  in  this  kingdom  was  imported  from  the  north  of  Europe. 
Forei^  metal  was  then  used  for  very  many  of  the  purposes  to  which  iron 
was  at  that  time  generally  applied  in  England,  and  it  was  so  used  indiscrimi« 
nately  with  British  iron.  In  1806  the  use  of  foreign  iron  had  been  lessened 
by  nearly  one-third,  while  the  home  production  was  so  increased  as  to  form 
seven-eighths  of  the  quantity  used.  In  a  few  years  after  our  make  was  be- 
yond our  own  wants,  and  foreign  iron  ceased  to  be  imported  for  any  pur* 
pooes  to  which  the  produce  of  our  own  forges  could  be  applied.  Thence- 
forward our  demands  have  been  confined  to  metal  of  the  qualities  from  which 
alone  steel  can  be  made.  Our  exports  of  Britbh  iron  have,  on  the  contrary, 
iacreased  progressively,  and  have  now  become  an  object  of  great  national 
importance.  The  statement  given  in  the  Appendix,  No.  9  shows  the  yearly 
lirogress  of  the  trade  since  1827  up  to  the  year  1845  inclusive.  It  will  be 
seen  on  consulting  this  statement,  that  the  quantity  had  increased  from  92,313 
tons  in  1827  to  351,978  tons  in  184'5,  and  that  the  declared  value  of  the 
ibipments  advanced  in  that  interval  from  £1,215,561  to  £3,501,895.  A 
column  has  been  added  to  the  table,  exhibiting  the  average  value  per  ton  of 
all  forms  of  iron  exported  in  each  year,  from  which  it  will  be  seen  how  great 
j0  influence  price  has,  in  its  advance  and  its  diminution,  upon  the  lessening 
or  increase  of  our  exports.    In  1840,  when  tbe  average  value  appears  to  have 
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been  9/.  Ss.  2d^  the  quantity  of  British  iron  exported  was  2^8,328  tons.  Tlie 
price  in  the  following  years  fell  rapidly,  and  the  demands  from  other  countries 
increased  as  rapidly.  In  184*3,  when  the  average  price  is  represented  by 
51.  I5s.  5d.  per  ton,  the  exports  were  448,925  tons.  In  1 844  the  quantity  was 
slightly  increased,  viz.  to  458,745  tons,  although  the  price  had  advan^  to 
6/.  I9«.  2d.  per  ton ;  but  in  1845,  the  further  advance  in  the  average  declared 
value  to  9/.  ISs,  lid.  per  ton,  reduced  our  foreign  shipments  to  351)978  tons, 
or  by  more  than  23  per  cent. 

It  is  worthy  of  remark,  that  we  now  export  largely,  more  largely  than  in 
former  periods  we  ever  imported  from  the  same  quarter,  iron  in  its  crude 
state,  and  articles  manufactured  with  the  same,  to  the  countries  whence  we 
once  drew  the  largest  proportion  of  what  was  used  by  us.  In  1844  our  ship- 
ments of  iron,  in  its  various  forms,  to  the  north  of  Europe  amounted  to 
178,635  tons,  equal  probably  to  200,000  tons  of  pig-iron ;  and  in  1845,  not^ 
withstanding  the  great  speculative  demand  and  rise  in  price  at  home,  our 
shipments  amounted  to  140,006  tons,  equal  probably  to  160,000  of  pig-iron. 
In  those  two  years  the  whole  of  our  colonies  and  dependencies  took  from  us, 
in  1844,  78,594  tons;  and  in  1845,  60,683  tons. 

Our  largest  customers  are  found  in  the  United  States  of  America,  and  it 
is  probable  that  they  will  long  continue  to  be  so,  unless  the  citizens  of  those 
states  in  which  materiab  for  producing  iron  are  found  should  be  undulj 
stimulated  to  increase  their  home  production  through  the  existence  of  high 
prices  in  this  country.  An  increased  demand  from  that  quarter  is  expected 
when  the  more  liberal  tariff  recently  passed  at  Washington  shall  come  into 
operation,  but  it  is  clear  that  the  realising  of  that  expectation  must  depend 
greatly  upon  the  state  of  markets  in  this  country  (see  Appendix,  No.  11). 

A  writer  of  the  protectionist  school,  in  an  article  inserted  in  the  *  Natiooal 
Magazine,'  published  in  New  York  in  July  1845,  states  that  the  make  of  iron 
in  the  United  States  in  that  year  from  540  blast-furnaces  would  amount  to 
486,000  tons,  and  that  the  domestic  supply  would  ere  long  be  brought  to 
meet  the  entire  wants  of  the  country.  New  furnaces  and  rolling-mills  are, 
according  to  this  writer,  being  erected  in  every  direction,  and  those  works 
that  had  been  inoperative  and  unproductive,  from  the  low  prices  of  iron  in 
1843  and  1844,  were  again  at  work,  so  that  it  might  soon  be  unnecessary  to 
import  a  ton  of  the  metal  from  Europe.  With  a  moderate  price  in  England 
we  need  not  put  much  faith  in  this  assertion,  which  was  put  forth  as  an  in- 
ducement to  Congress  to  add  to  the  high  protection  then  afforded  by  the 
tariff,  but  which  is  now  reduced. 

France,  notwithstanding  the  exorbitant  duties  charged  on  importation, 
takes  from  us  a  considerable  and  constantly  increasing  quantity  of  this  metal 
(see  Appendix,  No.  12),  and  although  the  production  of  pig-iron  in  that 
country  has  increased  from  about  220,000  tons  in  1831  to  about  420,000 
tons  in  1843,  and  is  still  increasing,  the  want  of  a  sufficient  supply  of  this 
all-important  metal  is  severely  felt  in  that  country,  and  the  high  price  is 
found  to  weigh  grievously  upon  various  branches  of  industry.  In  particular 
a  cry  has  been  raised,  which  it  is  expected  may  be  successful,  in  favour  of 
the  admission,  free  of  duty,  of  plate-iron  suitable  for  ship-building,  but  the 
eagerness  now  shown  to  obtain  this  concession  will  be  much  abated  should 
the  price  of  the  material  advance  in  any  great  degree  in  England.  At  this 
time  we  are  certainly  not  in  any  condition  to  meet  the  demand  that  might 
come  upon  us  should  that  concession  be  made  by  the  French  Chambers. 

With  the  exception  of  England,  Sweden  appears  to  be  the  only  country 
which  has  or  can  be  expected  to  have  any  disposable  ()uantity  of  iron  for  export- 
ation, and  it  does  not  seem  likely  that  we  shall  be  a  customer  for  any,  except 
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tbat  which  we  need  for  converting  into  steel,  to  which  use  Swedish  iron  is 
pecoliarij  applicable,  and  for  which  its  high  price  causes  it  to  be  reserved.  To 
Russia  oar  shipments  of  this  metal  are  fully  equal  to  the  quantity  imported 
thence. 

After  much  consideration  given  to  the  circumstances  in  which  our  iron 
mannfiictare  is  now  placed,  and  to  its  prospects  for  the  future,  I  venture, 
with  some  hesitation,  to  offer  the  following  opinion. 

Legislative  sanction  has  been  given  in  this  and  the  two  preceding  yean 
to  the  construction  of  many  thousand  miles  of  new  railways,  in  the  comple- 
tioQ  of  which  so  many  interests  are  engaged,  that  we  must  not  expect  any 
considerable  portion  of  them  to  be  abandoned  by  their  projectors.  We  must 
for  this  reason  expect  that  for  some  few  years  to  come,  during  which  these 
works  will  be  going  forward,  the  price  of  iron  will  be  high.  The  tendency 
of  this  high  price  will  be,  to  give  an  impetus  to  the  manufacture,  and  to  cause 
much  new  capital  to  be  invested  for  its  extension,  for  which  ample  opportu- 
nity presents  itself  in  different  localities,  although  in  other  places,  as  in 
Staffordshire,  where  the  manufacture  has  hitherto  flourished,  there  is  more 
reason  to  expect  diminution  than  increase,  owing  to  a  failure  in  the  supply 
of  materials.  The  great  obstacle  to  the  forming  of  new  establishments,  and 
to  the  extension  of  those  already  in  operation,  consists  in  the  difHculty  of 
procuring  the  necessary  amount  of  labour,  miners,  fumace-roen  and  others. 
This  obstacle  will,  however,  be  gradually  and  progressively  lessened,  and 
when  the  present  exaggerated  railway  demand  shall  have  ceased,  as  it  must 
necessarily  do  through  the  completion  of  the  lines  which  alone  can  be  pro- 
fitably opened,  and  the  demand  thence  arising  for  iron  shall  be  limited  to 
the  quantity — still,  however,  considerable — ^which  will  be  needed  for  keep- 
ing the  lines  in  repair  (see  App.  No.  13),  we  shall  find  ourselves  in  posses- 
sion of  means  for  making  iron  much  beyond  what  have  at  any  previous  time 
existed,  and  very  greatly  beyond  any  probable  demand  to  arise  from  other 
and  existing  channels  of  employment  at  home,  or  from  foreign  countries* 
The  price  will  consequently  fall,  as  it  has  done  at  former  times  and  under 
analogous  circumstances.  We  shall  then  find  that  this  metal  will  again  be 
employed  in  uses  from  which  it  may  have  been  excluded  by  the  previous 
high  price.  From  the  improvements  already  made,  and  from  others  which 
we  may  expect  will  be  introduced  into  the  processes  of  manufacture,  we  may 
even  find  that  the  market  price  will  fall  to  a  lower  point  than  has  hitherto 
been  witnessed,  and  new  uses  may  in  consequence  be  discovered  whereto  to 
apply  this  metal.  All  this,  however,  must  be  the  work  of  time,  and  it  seems 
bat  too  probable  that  in  the  meanwhile  our  iron-masters  will  have  to  undergo 
a  somewhat  lengthened  season  of  adversity,  for  the  enduring  of  which  they 
are  in  a  measure  prepared  by  former  experience« 
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Appbmdix  No.  1. 
Manufacture  of  Pig-iron  in  England  and  Walesy  1788. 

Made  with  coke  of  pit-coal. 

Cottnties.  No.  of  Vunmom,  Tons  of  Inm. 

Shropshire    21     23,100 

Staffordshire    9    6,900 

Derbyshire    7    4,200 

Yorkshire 6    4,500 

Cumberland 1     700 

Cheshire  I     600 

Glamorganshire   6    6,600 

Brecknockshire    2    1.600 

48^200 

Made  with  wood-charcoal. 

Gloucestershire    4  2,600 

Monmouthshire   3  2,100 

Glamorganshire   3  1,800 

Carmarthenshire 1  400 

Merionethshire'    1  400 

Shropshire    3  1,800 

Derbyshire    1  300 

Yorkshire 1  600 

Westmoreland 1  400 

Cumberland 1  300 

Lancashire    3  2;100 

Sussex    2  300 

13,100 

Total  61,300 


Appendix  No.  2. 
Manufacture  of  Iron  in  Great  Britain  in  1796. 

Counties*                            No*  oi  Puuwsu*  Tout  ot  Iran. 

Chester    2     l^iJ8 

Cumberland 4     2,034 

Derbyshire    8     2,107 

Gloucestershirfe    2     380 

Herefordshire  6     2,629 

Lincolnshire 2     706 

Shropshu-e    23     32,969 

Sussex  1      173 

South  Wales    25     34,261 

North  Wales    3     1,434 

Staffordshire 14     13,211 

Yorkshire 20     17,242 

104     108,993 

Scotland  17     16.086 


Total— Great  Britain  ...   121      126,079 
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Appendix  No.  S. 
Production  of  Iron  in  1806  in  Great  Britain. 

Counties.  No.  of  Fornaeai.  Tons  ot  Pif -iroB* 

Cumberland 4  1.491 

Derbyshire    12  10,329 

Gloucesterehire    2  1,629 

Lmcathire    2  2,500 

MoDiDouthshire  3  2,444 

Shropshire    28  64,966 

Staffordfhire 31  49.460 

Yorltshire 23  26,671 

South  Wales 36  76,601 

North  Wales 3  2,075 

Old  charcoal  furnaces  in  dif-  In  ^  qiia 

ferent  counties f^  ^* 


Total— England  and  Wales  165     234,966 

Scotland  18     23,240 


Total— Great  Britain 173     268,206 


Appendix  No.  4. 
Production  of  Iron  in  Great  Britain  in  1823. 

Counties.  No.  of  Funaoet.  Tons  of  PSf -iran. 

Stoffordshirc     84     133,690 

Shropshire    38     67,923 

Yorkshire     26     27,311 

Derbyshire    16     14,038 

Northumberland  and  Durham       2     2,379 

South  Wales    72     182^)25 

North  Wales  (estimated} 10,000 

237     427,666 

Scotland  22     24,600 

Total— Great  Britain 269     462,066 


Appendix  No.  5. 
Production  of  Iron  in  Great  Britain  in  18S0. 

Coontks.  No.  ol  Fnnucts.  Tons  of  Ptg-irad* 

Stafibrdshire    123  212,604 

Shropshire    48  73,418 

Yorkshire     27  28,926 

Derbyshire    18  17,999 

Northumberland  and  Durham  4  6,327 

South  Wales    113  277,643 

North  Wales  (estimated) 26,000 

333     640,917 

Scotland  27     37,600 


Total— Great  Britain  360     678,417 

l2 
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Afpbndix  No.  6. 

Quantity  of  Iron  made  in  Great  Britain  in  1839,  as  stated  by  David 

Mushet,  Esq. 


Diitricti. 

South  Wales  

Forest  of  Dean    

Shropshire  

Staffordshire  (South) 

Staffordshire  (North) 

North  Wales  

Derbyshire  

Yorkshire 

Northumberland  and  Durham 
Scotland 


No.  of  Fomaoet.  Tona  of  Pig-iron. 

...  122  453,880 

5  18,200 

29  80,940 

;...  106  346,213 

7  18,200 

;...   13  33,800 

....   14  34,372 

....   22  52,416 

5  13,000 

54  196,960 


Liancashire  (charcoal-iron) 


377    1,247,981 

800 


Total  of  pig-iron  in  Great  BriUdn 1,248,781 


Appendix  No.  ?• 

Production  of  Iron  in  Great  Britain  in  the  year  1840,  as  ascertained  by 
Mr.  William  Jessop,  of  the  Butterley  Iron  Works,  Derbyshire. 


DistrieU. 

NnmbCT  of  Funuusei 

Iron  made. 

Coal  wed. 

InUut. 

Outofblart. 

Forest  of  Dean    ••..... 

4 

132 

12 

5 

25 

13 

7 

116 

24 

64 

... 

31 
3 
1 

7 

5 

9 

19 

7 
6 

tOIM. 

15,500 

60,000 

South  Wales  

505,000          1,436,000 

North  Wales  

26,500 
11.000 
56,000 
31,000 
20.500 

407,150 
82,750 

241,000 

110,000 

38,500 

306,500 

129,000 

83,000 

1,582,000 

409,000 

723,000 

Northumberland.. 

Yorkshire 

Derbyshire 

North  Suffordshire    

South  Staffordshire    

ShroDshire  

Scotland 

Coal  used  in  converting  t 

402 

t%  wrouirht 

88 
•iron 

1,396,400 

4,877,000 
2;000,000 

6,877,000 

Of  the  above  402  furnaces,  there  were  using  hot  air,  162;  cold  air,  240. 
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Appsndix  No.  8. 


Iron  Steam- Vessels  being  built  in  the  Clyde  during  the  Spring  of  1846. 

of  2,000  tons  burthen  wad  750  hone-power. 


1,300 
1.226 
1.100 
900 
800 
700 
600 
600 
600 
500 
450 
450 
450 
346 
346 
300 
275 
275 
275 
150 
150 
120 
120 


24     li032 


520 

450 

400 

400 

400 

280 

300 

220 

300 

200 

250 

250 

150 

50 

50 

160 

35 

35 

35 

120 

100 

65 

60 


5,580 


Appendix  No.  9. 

Quantities  of  British  Iron  exported,  with  the  declared  value  of  the  same,  and 
the  average  value  of  each  ton  exported  in  each  year  from  1827  to  1845 
inclusive,  stated  in  tons. 


Tern. 


1827. 
18S8. 
1899. 
1830. 
1831. 
1832. 
1833. 
1834. 
1835. 
1836. 
1837. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 
1845. 


BVoirai* 


45.284 

51,108 

56,178 

59,885 

64,012 

74,024 

75,333 

70,809 

107,715 

97,762 

95,663 

141,923 

136,452 

144,719 

189,249 

191,301 

198,774 

249,915 

153,813 


]Kf[>iron« 


7,095 
7,826 
8,931 
12,036 
12,444 
17,566 
22,988 
21,788 
33,073 
33,880 

44,387 
48,554 
43,460 
49,801 
85,866 
9^851 
154.770 
99,960 
77,362 


CMtiiigt. 


6,292 

6,205 

8,219 

8,854 

10,361 

12.495 

14,763 

13,870 

12,604 

19,891 

12,373 

14,942 

10.836 

9.886 

14,077 
15,934 

16,500 
18,969 
22,036 


AD  kinds*. 


92,313 
100,403 
108,275 
117,420 
124,312 
147,636 
162,815 
158,166 

199,007 
192.352 
194,292 

256,017 
247,912 
268,328 
360.875 
369,398 
448.925 
458,745 
351.978 


Decknd 
Tftlae. 


1,215,561 

1,226,617 
1,162,931 
1,078,523 
1,123,372 
1,190,749 
1,405,035 
1,406.872 
1.643.741 
2,342,674 
2,009,259 
2,535,692 
2,719,824 
2,524.859 
2,877,278 

2,457,717 
2,590,833 
3.193,368 
3,501,895 


ATcnnde- 
per  ton. 


13 

3 

5 

12 

4 

4 

10  14 

9 

9 

3 

8 

9 

0 

8 

8 

1 

3 

8 

12 

7 

8 

17  10 

8 

5 

2 

12 

3 

7 

10 

6  10 

9 

18 

1 

to  19 

6 

9 

8 

2 

7  19 

5 

6  13 

0 

5 

15 

5 

6  19 

2 

9  18  11 

Indading  the  kindj  stated  in  the  previous  columns,  together  with  bolt-  and  rod-iron,  iron- 
*^  UKhon,  grapnels,  &c,  hoops,  nails,  and  all  other  sorts  not  included  in  the  foregoing. 
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Appendix  No.  10. 
Make  of  Iron  in  1843  compared  with  1840. 


Forest  of  Dean 

South  Wales , 

North  Wales 

Northumberland ..., 

Yorkshire , 

Derbyshire 

Norw  Staffordshire 
South  Staffordshire 

Shropshire 

Scotland    


Less  in  1843 


1840. 


t<MU. 

16,600 

505,000 

^.500 

11,000 

56,000 

3], 000 

20,500 

407,150 

8£,750 

«41,000 


184S. 


1,396,400 
li^l5,850 


181,050 


tons. 

8,000 

457,355 

19,750 

^,750 

42,000 

$5,750 

«1,750 

300,250 

76,200 

238,550 


1,215,350 


7,500 

47,650 

6,750 


14,000 
5,250 


106,900 
6,550 
2,450 


197,050 
16,000 


181,050 


14,750 


1,250 


16,000 


Appendix  No.  11. 

QuantitT  and  declared  Value  of  Iron,  vrought  and  unwrought,  exported  to 
tiie  United  States  of  America  in  each  year  from  I8S1  to  1844. 


Tcm,  Tom.  Value. 

1831 30,818  £248,707 

1832.  37.565  284,502 

1833.  54,124  412,515 

1834 40,625  322,156 

1835 51,951  408,368 

1836.  79,380  912,387 

1837.  , 49,204  489|309 


Yean.  Tgiia.  Vahie. 

1838 71,235  ie634,395 

1839 74,772  801,198 

1840 38,603  355,534 

1841 79.186  626,532 

1842 58,418  394,854 

1843 31,909  223,668 

1844 107,979  W6,937 


^^^m 


■^"^^l*T"W 


Appendix  No.  12. 

Quantity  and  declared  Value  of  Iron  exported  to  France  in  eaoh  year  from 

18S1  to  1844. 


Yevi. 
1831. 

1832. 
1833. 
1834. 
1835. 
1836. 


1837 15,016 


Tons*  ValiMb 

2,721     £  21,416 

5,657    32,768 

7,424    41,696 

8,306    55,060 

14,863    82,302 

14,016    116,718 


96,415 


Yam.  Tom.  Value. 

1888 15,723  £103,026 

1839 14,288 93,356 

1840.     16,804  88,631 

1841 19,099  95>13 

1842.     23,428  105.172 

1843.    29,626  120,220 

1844.    21^2  100,982 
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Affsvdjx  No.  IS. 

Eftiioated  quantity  of  Iron  required  for  the  construction  and  putting  into 

operation  each  mile  of  Railway. 

T«M  par  mili.  Tons  «f  Ptg^iiaB. 

RaiK751bf.peryanl  236  equal  to  dl7i 

Chairs,  401bft.  each  125  125 

LoeomotiTe  engines,  1  per  mile  25  33{ 

Waflons  and  carriages,  tfon-work  25  33} 

Tanas,  &c • 5  5 

Turntables,  points  and  sidings • 100  110 

Workshops 30  40( 

Coke,  ovens  and  sundries.... 5  5 

Bridges,  roofs,  stations,  ftc 30  40^ 

n     .  TlT 

Beqnired  to  maintain  the  above,  each  year — 

Rails,  chain,  locomotives,  tarntables,  ke^  50  tons  of  wrought*  and  casuiron, 
equal,  each  year,  to  61  tons  of  pig-iron. 

N.B.  The  above  estimate  has  been  furnished  by  an  experienced  railway  engineer 
to  the  chairman  of  a  railway  company.  The  quantities  are  greater  than  are  com- 
monly assigned,  but  an  abatement  of  25  per  cent,  would  not  disturb  the  calculation 
made  by  me  (page  109) ;  and  when  provision  is  made  for  maintaining  in  repair  the 
railways  now  open,  it  would  absorb  all  the  iron  which  will  probably  be  made  in  the 
next  four  years,  to  construct,  at  that  abatement  of  25  per  cent.,  the  lines  now  sano- 
tiooed  by  iVIiament. 
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Third  Report  on  Atmospheric  Waves, 
By  William  Radclifp  Birt. 

Thi  two  former  Reports  which  I  have  had  the  honour  to  present  to  the  Aaso* 
ciation  neoesaarily  poaseased  a  fragmentary  character.  Sir  John  Herschel, 
in  his  Report  on  Meteorological  Reductions  (1843),  distinctly  traced  two 
weil«defined  atmoepheric  waves  which  passed  over  the  British  Isles  and  the 
vest  of  Earope,  one  in  September  18S6»  the  other  in  December  1837.  These 
nay  be  regarded  aa  the  earliest  instances  of  our  detecting  and  clearly  appro- 
bending  the  character  of  the  atmospheric  undulations  constanUy  traversing 
OQr  oceans  and  continents,  and  mark  the  commencement  of  that  aera  in  atmo- 
>pherio  reaearch  to  which  Mr.  Forbes  alluded  in  his  Report  on  the  Recent 
Ingress  and  Present  State  of  Meteorology,  presented  to  the  Association  in 
1^2,  when  he  said,  **  The  great  extent  of  country  over  which  the  accidental 
^'viations  of  the  barometer  take  place,  is  one  of  their  most  striking  features ; 
and  in  a  future  and  more  advanced  state  of  meteorology  we  may  be  able  to 
draw  the  most  interesting  and  important  conclusions  from  the  great  atmo« 
tpkerio  tidal  wavea  which  are  thus  perpetually  traversing  oceans  and  conti- 
oents." 

Sir  John  Herschel,  in  the  conclusion  of  the  report  to  which  allusion  haa 
^0  made,  noticed  the  larger  fluctuations  which  I  had  observed  in  the 
^tamn  of  1842,  especially  the  symmetrical  wave  which  occupied  thirteen 
^js  in  November  for  its  complete  rise  and  fall.  The  curves  representing 
^bese  lai^r  undulations  were  appended  to  Sir  John  Herschers  report ;  and 
|be  Association,  under  the  direction  of  the  Magnetical  Committee  and  the 
^^'unediate  superintendence  of  Sir  John,  entrusted  me  with  the  further  in- 
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vestigatiou  of  these  waves,  especially  that  of  November.  The  mode  of  in- 
vestigation and  the  partial  results  arrived  at  during  the  period  between  the 
sittings  of  the  Association  in  1843  and  1844  form  the  subject  of  my  first  re- 
port, which,  as  before  stated,  must  be  regarded  only  as  a  fragment. 

Daring  the  further  investigation  of  the  wave  of  November  various  obser- 
vations came  to  hand,  which  appeared  to  throw  considerable  light  on  the 
general  character  of  atmospheric  undulations.  The  publication  of  the  Green« 
wich  and  Toronto  observations  afforded  an  interesting  comparison  of  the 
passages  of  certain  maxima  at  these  distant  stations,  and  by  extending  this 
comparison  to  Prague  and  Munich,  several  interesting  features  of  certain 
secondary  waves  during  the  transit  of  a  supposed  normal  wave  appeared  so 
clearly  to  be  made  out,  that  it  was  deemed  desirable  to  include  the  whole  of 
this  comparison  in  the  succeeding  report,  rather  than  run  the  risk  of  its  being 
lost  by  deferring  it  until  after  the  examination  of  the  great  wave  should  be 
completed.  Another  most  interesting  result  arrived  at  about  this  time,  was 
the  recurrence  of  the  great  wave  of  November.  The  return  of  this  Interest* 
ing  phsBuomenon  appeared  so  strikingly  distinct  in  1843  and  1844,  that  to 
have  omitted  noticing  it  in  the  Report  would  have  greatly  contributed  to  re- 
tard the  inquiry.  It  accordingly  forms  the  second  section  of  the  Report  of 
1845.  These  circumstances,  with  the  further  investigation  of  the  great  wave 
of  November  1842,  give  to  the  second  report  a  more  fragmentary  character. 

Plrevious  to  entering  on  the  immediate  subject  of  the  present  report,  it  will 
be  desirable  to  review  the  steps  that  have  been  taken  for  observing  the  great 
symmetrical  wave  on  its  return  in  1845 ;  and  also  to  notice  any  other  cir- 
cumstance that  may  have  transpired  during  the  past  year  at  all  calculated  to 
throw  any  light  on  the  subject  of  our  investigations.  With  regard  to  the  first 
point,  certain  instructions  were  drawn  up,  which  were  forwuded  to  gentle- 
men interested  in  meteorological  research,  and  otherwise  circulated,  in  con- 
sequence of  which  a  number  of  interesting  and  valuable  observations  were 
obtained.  The  results  of  the  examination  of  these  observations,  as  far  as  it 
has  yet  proceeded,  will  form  the  first  part  of  the  present  report.  In  the  Phi- 
losophical Magazine  for  April  in  the  present  year  Mr.  Brown  published  a 
voluminous  paper  on  the  oscillations  of  the  barometer,  with  particular  refer- 
ence to  the  meteorological  phaenomena  of  November  1842,  the  month  ia 
which  I  first  observed  the  great  symmetrical  wave.  This  paper  is  accom- 
panied by  diagrams  representing  the  direction  of  the  wind  in  England,  Scot- 
land and  Ireland  every  day,  from  the  1st  to  the  26th  inclusive.  Upon  a  very 
careful  perusal  of  it,  I  found  that  the  observations,  as  given  in  the  diagrams, 
very  beautifully  illustrated  Prof.  Dove's  theory  of  parallel  currents  or  alter- 
nately disposed  beds  of  oppositely  directed  winds,  and  appeared  to  throw  so 
clear  a  light  on  the  real  character  of  the  atmospheric  undulations,  that  I  was 
induced  to  enter  upon  a  very  careful  examination  of  the  barometric  obser- 
vations in  connexion  with  the  diagrams  of  the  wind.  The  result  of  this  ex- 
amination has  been  to  give  the  inquiry  a  completeness  which  it  was  before 
destitute  of.  It  was  previously  difiicult  to  define  the  real  notion  we  formed 
of  an  atmospheric  wave  ;  not  so  much  from  the  distribution  of  pressure  over 
a  tract  of  country  gradually  decreasing  on  each  side  a  line  of  maxima,  as 
from  the  relation  of  the  aerial  currents  or  winds  to  this  distribution  of 
pressure  of  which  we  were  to  a  certain  extent  ignorant.  The  examination 
of  these  observations  has  exhibited  very  clearly  the  distribution  of  the  aerial 
currents  in  relation  to  the  distribution  of  pressure,  and  enabled  us  to  define 
the  nature  of  an  atmospheric  wave  both  as  regards  its  undulatory  and  mole- 
cular motion.  This  definition,  with  the  examination  of  the  observations, 
forms  the  second  part  of  this  report. 
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Part  L — ^Recurrbncb  of  Stmmbtrical  Wavs. 

The  following  were  the  instractions  drawn  up  for  obderving  the  Great 
Symmetrical  Wave  on  its  return  in  1845. 

''The  recurrence  of  the  great  November  Wave  observed  in  1842  (an  en- 
gnLTing  of  which  is  inserted  in  the  Report  of  the  Thirteenth  Meeting  of  the 
British  Association  for  the  Advancement  of  Science),  during  the  autumns  of 
1843  and  1844,  renders  the  barometric  movements  of  the  months  of  October 
and  November  highlj  interesting.  It  is  accordingly  proposed  that  meteoro- 
k^cal  observations,  on  a  similar  plan,  should  be  made  as  extensively  as  pos- 
sible, with  a  view  to  observe  this  particular  wave;  and  meteorologbts  are 
invited  to  direct  their  particular  attention  to  the  oscillations  of  the  biurometer 
doring  the  months  above-named. 

**  Times  of  Observation. 

**  The  following  hours  are  the  most  suitable  for  the  object  now  in  view : 
3  A.if.,  9  A.M^  3  P.M.  and  9  p.m.;  these  hours  divide  the  day  into  four  equal 
parts ;  they  have  been  recommended  by  the  Royal  Society  as  meiearoloffieai 
hours,  and  are  the  hours  at  which  observations  are  made  daily,  by  direction 
and  under  the  superintendence  of  the  Honourable  the  Corporation  of  the 
Trinity  House,  which  have  been  most  advantageouslv  used  in  the  examina* 
tion  of  atmospheric  waves. 

"  In  cases,  however,  in  which  the  observation  at  3  a.m.  may  be  inconve- 
nient or  impracticable,  it  will  be  important  to  substitute  for  it  two  observa- 
tions, one  at  midnight  and  the  other  at  6  in  the  morning,  so  that  the  hours  of 
observation  will  in  such  cases  be  6  a.m.,  9  a.m.,  3  P.M.,  9  p.m.  and  midnight. 

**To  individuals  who  cannot  command  these  hours,  it  is  recommended 
that  observations  should  be  made  cu  near  them  as  possible ;  these  will  still  be 
valuable,  although  not  to  so  ^reat  an  extent  as  those  made  at  the  regular 
hours.  In  these  cases,  however,  it  will  be  absolutely  necessary  to  substitute 
two  readings  for  every  one  of  the  regular  hours  omitted^-one  previous  to, 
the  other  succeeding  the  hour  so  omitted ;  and  these  should,  if  possible,  in- 
clude an  equal  interval  both  before  and  after  such  hour.  In  all  cases  the 
exact  hour  and  minute  of  mean  time  at  the  place  of  observation  should  be 
inserted  in  its  appropriate  column  in  the  form  sent  herewith. 

"  At  the  regular  hours  of  observation,  or  any  others  that  the  observer  may 
fix  upon,  in  accordance  with  the  foregoing  instructions,  it  will  be  necessary 
to  observe,  « 

**lsL  The  barometer,  with  its  attached  thermometer,  and  enter  in  the 
form  the  actual  height  observed  with  the  temperature  of  the  mercury. 

**  2nd.  The  external  and  dr}"-  thermometer. 

"  3rd.  The  wet  bulb  thermometer. 

**  [These  observations  are  particularly  essential  in  order  to  separate  the 
pressure  of  the  vapour  from  the  aggregate  pressure,  as  measured  by  the  mer- 
curial column.] 

**  4th.  The  direction  and  force  of  the  wind. 

**  [These  are  important  to  determine  the  connexion  between  the  undula- 
tory  and  molecular  motion  of  the  wave.] 

"  5th.  The  character  of  the  weather  at  the  times  of  observation ;  which 
may  be  recorded  by  Capt.  Beaufort's  symbols. 

''It  is  proposed  to  commence  the  observations  on  the  1st  of  October  next, 
and  continue  them  daify  until  the  end  of  November,  unless  it  should  be  found 
that  at  that  time  the  Wave  is  not  completed,  in  which  case  it  will  be  requisite 
to  continue  them  a  few  days  longer. 

'^It  will  be  necessary,  on  returning  the  form  when  filled,  to  accompany  it 
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with  the  following  data  for  reductioQ,  A  blank  is  left  for  this  purpose  on 
the  back  of  the  form. 

*'  The  geographical  co-ordinates  of  the  place  of  observation,  viz.  latitude 
and  longitude. 

"  The  altitude  of  the  cittern  of  the  barometer  above  the  level  of  the  sea, 
exactly  \  if  not,  as  near  as  it  can  be  obtained. 

<<  The  internal  diameter  of  the  tube  of  the  barometer. 

**  The  capacity,  neutral  point,  and  temperature. 

'<  [These  are  usually  engraved  on  the  instrument] 

<<  If  the  co*6fiicients  of  the  diurnal  and  annual  oscillations  have  been  de- 
termined for  the  place  of  observation,  include  them. 

**  Those  sets  of  observations  which  may  be  reduced  by  the  observers,  should 
be  accompanied  with  the  original  observations,  and  a  reference  to  the  tables 
used  in  their  reduction,  also  the  data  above-mentioned. 

"  All  observations  that  may  be  made  in  accordance  with  these  instructions 
and  forwarded  to  me,  will  be  carefully  examined  and  reported  on  at  the  next 
meeting  of  the  British  Association.  *^  W.  R.  Birt." 

<'  2  Sidney  Place,  Cambridge  Road,  Bethnal  Green." 

In  accordance  with  these  instructions  observations  were  received  from  the 
following  stations  and  observers. 

Table  I. 


Station, 


Vewd  or  RitthliihincDt. 


Obwnrer  or  Authoritgr* 


Sandwick  Manse,  Orkneys 

West  ooast  of  SootUnd 

Bast  coast  of  Gfsst  Britain  ... 

Rrth  of  Forth 

LoDgstone»  NorthomberUnd  .. 

Newcastle-upon-Tyne   

Belfiut,  Ireland 

Stokesley,  Yorkshire 

Markree,  Ireland  

York 

Heligoland , 

Galway,  Ireland 

Lough  Corrib  and  Galway    ... 

Portarlington,  Ireland  

Dublin,  Ireland 

liimerickr  Ireland  , 

Bardsey  Island  off  Wales 

Birmingham  

Haisboro',  Norfolk 

Coast  of  Suffolk 

South  of  Ireland    

South  of  Ireland    

South  Bishop  off  Wales 

Pembroke  

Gloucester 

Harwich 

London  

Ramsgate    

Scilly  Isles 

Helston,  Cornwall 

Portsmouth    

St.Catheritte'sPoint,I.ofWight 

Hastings , 

St.  Heller's,  Jersey 


H.M.S.y.  **  Shearwater" 
H.M.Keteh««  Sparrow" 
H.M.S.V.  "  Mastiff "  ... 

Lighthouse 

Philosophical  Society  ... 


Lighthouse. 


Ordnance  Survey  ,Q^ce . 


Lighthouse. 
Philosophical  Institution 
Lighthouse. 

H.M.S.V. "  Blaacr" 

H.M.S.V.  "Lucifer"  ... 
ILM.S.V.  "Tartarus"... 
Lighthouse. 
H.M.S.V."Rrefly" 


H.M.S.V.  "PorcupiDe". 


H.M,S.V.  "Porcupine". 
Lighthouse  


Lighthouse. 


Rev.  Charles  Clouston. 

Commander  C.  G.  Robinson. 

William  Torton,  R*N. 

The  Offioen, 

William  Darlinff. 

George  Muras,  esq. 

Dr.  Stevelly. 

John  Call,  Esq. 

Edwiid  J.  Cooper,  Esq.,  M.P. 

John  Phillips,  Esq.,  F.R.9. 

Lieut.  Sidney,  R.N. 
Lieut.  Beechey,  R.N. 
M.  Hanlon,  M.B. 
Capt.  Larcom,  R.E. 
R.  T.  MannseU,  Esq. 

WiUiam  Onion,  Esq. 

Capt  Owen  Stanly,  RN. 
Commander  G.  A.  Frazer. 
Commander  James  Wolfe. 

Capt.  Beechey,  R.N. 
John  Jones,  Esq. 
The  Offioen. 
W.  R.  Birt. 
The  Officers. 
E.  L.  Davis. 
M.  P.  Moyle,  Esq. 
Commander  W.  L.  Sheringham, 

TlLN. 
Sir  Howard  Elphinstone,  Bart. 
Capt.  Childers. 


N.B.  I  am  Indebted  to  the  Honorable  the  Coiporation  of  the  Trinity  House  for  the  Light- 


ON  ATICOBTHBRIO  WAVES.  129 

hoBB^  obserrslioiiSy  «nd  to  Rear-AdmizB]  Beauforti  R.N.|  for  the  obsery^tions  made  on  bo«d 
the  MUTe^riiLg  Tcssels. — W.  R.  B. 

Tbese  observatioofiy  which  were  principally  undertaken  with  a  view  to  ob- 
serve the  return  of  the  great  wave,  have  been  attended  with  highly  interesting 
results.  J  shall  first  notice  the  result  of  the  comparison  of  the  observations  at 
thb  station  (Cambridge  Heath)  with  those  made  at  Leicester  Square  in  184% 
as  fully  establishing  not  only  the  return  of  the  great  wave,  but  also  that  of 
other  extensive  undulations. 

Section  I.^ — Comparison  of  observations  made  at  Cambridge  Heath  (north- 
east of  London)  from  Oct.  1,  1845  to  Nov.  21 ,  1846,  with  observations 
made  at  Leicester  Square  from  Sept.  14,  1842  to  Nov.  25,  1842. 

The  observations  of  1842  are  prqjectedin  curves  and  appended  to  Sir  John 
Herschel's  *  Report  on  Meteorological  Reduetions,'  1843. 

184^  L  Plate  I.  fig.  1  (Report  1843)  exhibits  an  undulation  consisting  of 
a  gentle  barometric  tall  and  almost  as  gentle  a  rise  during  seventeen  days, 
namely  from  Sept.  14  to  Oct.  1,  interrupted  only  by  the  diurnal  oscillations^ 
which  are  in  general  well-developed. 

1845.  In  1845  this  undulation  of  seventeen  days'  interval  returned.  It 
was  obaerved  from  Oct  1  (the  commencement  of  the  observations)  to  the 
19th,  but  instead  of  exhibiting  the  gentle  fall  and  aseent  noticed  in  1842,  it 
was  interrupted  by  two  most  remarkable  superposed  waves.  The  first  oc* 
curred  on  the  4th,  5ihp  and  6tb  of  October,  and  the  second  from  the  11th  to 
the  16th. 

When  these  waves  (the  ooouneneement  and  termination  of  each  being  well- 
marked)  are  abstracted  from  the  general  curve,  the  resemblance  between  the 
curves  of  1842  and  1845  is  very  apparent 

1S42.    September  14  to  October    1, 
1845.    October        1  to  October  19. 

II.  The  curves  of  the  succeeding  four  days  in  the  two  periods  1^42  and 
1845  exhibit  similar  barometric  fluctuations,  so  that  the  movements  during 
the  four  days  succeeding  the  seventeen-day  wave  in  1845  are  identical  with 
those  of  the  four  days  succeeding  the  same  wave  in  1842. 

IIL  The  exact  identity  between  the  curves  of  1842  and  1845  breaks  off 
on  Oct  23, 1845.  The  barometer  maintains  an  elevation  above  thirty  inches 
during  the  period  in  1845  that  the  movements  are  not  in  accordance  with 
those  of  1842. 

IV.  Plate  I,  fig,  3  (Report  1843).  The  identity  between  the  curves  of 
1842  and  1845  again  commences  on  Oct  27, 1845,  and  is  maintained  in  a 
very  close  manner  until  midnight  of  Nov.  6. 

1842.    October  31,  midnight  to  November  1 1,  noon. 
1845.    October  27,  noon  to  November  6,  midnight. 

V.  In  consequence  of  the  nu>vements  from  Oct  27  to  Nov.  6,  1845,  ex- 
hibiting so  close  a  similarity  to  those  between  Oct  31  and  Nov.  11  in  1842 
which  immediately  preceded  the  great  wave  in  that  year,  considerable  exr 
pectation  was  raised  that  the  great  wave  would  set  in  on  the  morning  of  the 
7th.  At  midnight  of  the  6th,  the  similarity  between  the  curves  that  had  been 
so  closely  maintained  during  ten  days  and  a  half  began  to  fail,  and  rendered 
it  difficult  to  determine  for  some  days  if  the  preceding  movements  had  really 
been  followed  by  the  great  wave.  This  question  was  set  at  rest  as  the  obser- 
vations proceeded ;  for  on  comparing  the  curve  from  the  6th  to  the  21st  with 
that  of  the  great  wave  of  Nov.  1842  (Plate  II.,  Report  1843),  there  was  every 
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reason  to  believe  that  it  had  again  returned  and  that  its  fourth  transit  had  been 
observed.  Between  these  epochs,  Nov.  6  and  21 ,  all  its  essential  features  were 
exhibited.  The  large  central  undulation,  also  forming  thex;rown  of  the  great 
wave  and  occupying  in  this  instance  five  days,  was  very  distinctly  marked ; 
and  the  two  smaller  undulations  on  each  side  the  central  wave,  making  with 
it  the  five  of  which  the  great  wave  is  composed,  were  also  well-developed. 
These  smaller  waves  did  not  appear  to  co-ordinate  with  those  of  former 
transits.    The  great  wave  culminated  on  the  14th. 

Corresponding  barometric  movements. 

Crest. 

1842.  November  11  to  November  25.    Nov.  18. 

1843.  November   6  to  November  21 .    Nov.  14. 

1844.  October     20  to  November   4.    Oct  27* 

1845.  November   6  to  November  21.    Nov.  14. 

VI.  The  movements  between  the  above  epochs  in  each  year  were  more  or 
less  symmetrical,  the  axes  occurring  on  the  dates  indicating  the  passage  of 
the  crests.  In  the  year  1845.the  symmetrical  movements  appeared  to  extend 
greatly  beyond  the  limits  noticed  above,  for  not  only  did  the  central  undula- 
tion which  culminated  on  the  14th  form  the  axis  of  the  great  wave  (properly 
so  called),  but  also  of  a  system  ai  least  double  its  extent,  namely  from  Oct  29 
to  Nov.  28.  Observations  .received  from  Hastings  appear  to  indicate  that 
the  barometric  oscillations  during  October,  November  and  December  were 
symmetrical,  the  axis  occurring  about  the  middle  of  November. 

VIJ.  In  my  last  report  (Report,  1845,  page  116)  I  stated  that  the  mini- 
mum of  the  16th  of  Feb.  and  that  of  the  5Ui  of  Oct  in  the  year  1841,  formed 
the  limits  of  the  period  of  least  nmge  for  that  year.  It  is  well  known  that 
the  barometric  oscillations  are  divisible  into  two  classes ;  those  of  snuM  range, 
confined  to  the  summer  half  year ;  and  those  of  ffreat  range,  the  period  of 
their  development  being  the  winier.  These  greater  oscillations  begin  to  appear 
in  October.  Fig.  2,  Plate  L  (Report,  1843)  exhibits  a  similar  undulation 
to  that  of  Sept  14  to  Oct  1, 1842,  of  seventeen  days'  interval  with  hoo  sub- 
ordinate maxima  interposed.  The  depression  of  the  23rd  was  very  considera- 
ble, and  rendered  memorable  by  the  inundation  of  the  Madeiras.  We  ac- 
cordingly find  that  the  larger  undulations  began  to  appear  in  these  latitudes 
in  1842,  about  the  16th  of  Oct  The  seventeen-day  undulation.  Sept  14  to 
Oct  1,  occurring  about  a  fortnight  later  in  1845,  brought  it  within  the  period 
of  the  commencement  of  the  greater  secondary  undulations,  and  we  find  it 
interrupted  by  iufo  very  remarkable  waves,  in  both  cases  rising  above  the 
general  surface  of  the  normal  wave.  On  comparing  the  curve  from  Oct  1  to 
ITy  1845,  with  that  of  Oct  15  to  31,  1842,  and  bringing  the  minima  in  both 
cases  on  the  same  vertical  line,  but  little  if  any  resemblance  can  be  traced 
between  them.  There  are  however  these  interesting  exceptions.  During 
the  first  seven  and  a  half  days  the  descent  in  each  case  is  interrupted  by  a 
superposed  wave,  the  co-ordinates  of  that  of  1842,  being  about  double  those  of 
the  superposed  wave  of  1845.  The  ascent  during  the  succeeding  seven  and 
a  half  days  is  also  interrupted  in  each  case  by  superposed  waves,  but  the 
characters  of  them  are  reversed,  the  largest  occurring  in  1845  and  the  smallest 
in  1842 ;  the  relations  are  nearly  similar  to  those  characterizing  the  super- 
posed waves  of  the  descent,  that  of  1845  being  nearly  double  that  of  1842. 
Another  most  remarkable  circumstance  is  also  apparent  on  the  comparison 
of  these  curves,  the  displacement  of  the  maxima  of  these  superposed  waves, 
or  the  interval  between  their  crests.  It  is  probable  that  three  waves  transited 
during  the  seventeen-day  undulation,  Oct  14  to  31,  1842,  having  their  re- 
spective maxima  on  the  21st,  25th,  and  27th ;  there  are  also  traces  of  three 
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daring  the  eeventeen-day  undulation  of  Oct  1  to  19, 1845>  having  their  re- 
ipectiTe  maxima  on  the  5tb,  10th»  and  14th.  Taking  the  «une  vertical  or- 
dinates  in  each  curve,  we  have  the  epocha  of  the  troughs  of  the  first  superposed 
waves  nearly  similar  but  separated  by  an  interval  of  civil  reckoning  of  four* 
teen  and  a  half  days ;  that  is,  the  gentle  undulation  of  the  last  half  of  September 
occurred  a  fortnight  later,  and  the  superposed  waves  indicating  the  duturbed 
state  of  the  atmosphere,  and  characterizing  the  period  of  greater  barometric  os- 
cillation, came  rolling  on  a  fortnight  earlier ;  the  two  coinciding  and  producing 
the  compound  curve  really  observed.  The  first  of  these  superposed  waves 
being  about  half  the  size  of  the  corresponding  wave  in  1842,  passed  its  maxi- 
mnm  about  a  day  and  a  half  eariier,  and  a  small  wave  succeeding  it  brought 
the  minimum  on  the  same  vertical  line  as  that  of  1842.  In  a  similar  manner 
the  largest  superposed  wave  in  1 845  culminated  at  a  later  period  of  the  normal 
wave  tiban  the  smaller  wave  of  1842.  In  consequence  of  these  different  rela- 
tions of  the  superposed  waves  of  1842  and  1845,  the  two  apices  were  much 
nearer  in  1842  than  in  1845. 

From  these  remarks  it  appears  that,  taking  the  barometric  movements  from 
Sept.  14,  1842  to  Nov.  25  of  the  same  year,  containing  two  undulations  of 
seventeen  days'  interval,  and  comparing  them  with  those  from  Oct.  1  to  Nov* 
21  of  1845,  only  one  undulation  of  seventeen  days*  interval  was  observed  in 
the  latter  year,  namely  from  Oct.  1  to  19;  that  this  undulation  was  not  of  the 
gentle  flowing  character  manifested  by  that  from  Sept.  14  to  Oct.  1,  1842, 
but  was  interrupted  by  the  same  number  of  superposed  waves  as  that  from 
Oct  14  to  31, 1842 ;  and  that  this  state  of  things  was  brought  about  by  the 
later  occurrence  of  the  normal  wave,  and  the  earlier  occurrence  of  the  super* 
posed  waves.  Of  the  two  seventeen-day  undulations  of  1842  the  first  (Sept 
14  to  Oct  1)  returned  in  1845. 

ym.  In  addition  to  the  absence  of  the  second  seventeen-day  interval,  Oct 
14  to  31, 1842,  in  the  observations  of  1845 ;  the  preceding  movements,  Oct  6 
to  13,  1842  (the  barometer  attaining  a  considerable  altitude),  were  not  ob« 
served  in  1845. 

IX.  During  the  period  from  Oct  1  to  Nov.  21  in  1845,  the  barometric 
movements  of  Oct  23  to  26  were  the  only  oscillations  that  appeared  to  have 
DO  corresponding  movements  in  1842. 

X.  The  distinctness  with  which  the  great  wave  commenced  in  1842  and 
1845,  and  the  breaking  off  of  the  exact  similarity  between  the  curve  of  the 
preceding  ten  and  a  half  days  which  had  been  so  closely  maintained  just  as 
the  wave  commenced  in  1845,  exhibit  this  interesting  phsenomenon  in  all  its 
individuality,  and  completely  separate  it  from  all  the  preceding  barometric 
movements. 

XL  The  individuality  which  is  thus  given  to  the  great  wave,  the  distinct- 
ness of  its  essential  features,  the  close  resemblance  of  its  curves  in  1842, 1843 
and  1845,  and  the  closer  relations  existing  between  those  of  1842  and  1845, 
induce  the  strong  belief  that  we  have  obtained  the  type  of  the  barometric 
oscillations  during  the  middle  portion  of  November.  This  type  I  propose  to 
ezpreas  in  the  following  language. 

'<That  during  fourteen  days  in  November  more  or  less  equally  disposed  about 
the  middle  of  the  month,  the  oscillations  of  the  barometer  exhibit  a  remarkably 
ifBmietiical  character,  that  is  to  say,  the  fall  succeeding  the  transit  of  the 
maximum  or  highest  reading,  b  to  a  great  extent  similar  to  the  preceding 
rise.  This  rise  and  fall  is  not  continuous  or  unbroken ;  in  three  out  of  four 
of  the  occasions  on  which  it  has  been  observed,  it  has  been  found  to  consist  of 
Jhe  distinct  elevations.  The  complete  rise  and  fall  has  been  termed  the  great 
symmetrical  barometric  wave  of  November,  and  as  such  has  been  considered 
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to  result  from  the  transit  of  a  large  wave  i  but  there  is  gfeat  reason  to  beliere 
that  while  it  may  be  due  to  the  transit  of  a  normal  ware  of  about  fourteen 
days*  amplitude,  it  also  exhibits  the  transits  of^v^  secondary  superposed  wares 
of  a  similar  character  to  those  riding  on  the  wave  of  seventeen  days'  interval, 
Oct*  1  to  19  (VII.).  The  great  November  wave  bonsequently  possesses  a  com* 
poand  character:  atitssetting-in  the  barometer  is  generally  hWf  sometimes 
below  twenty^nine  inches.  This  depression  is  succeeded  by  two  well-marked 
undulationsi  varying  from  one  to  two  days  in  duration.  The  central  undulation, 
which  also  forms  the  apex  of  the  great  wave,  is  of  larger  extent,  occupying 
from  three  to  five  days ;  when  this  has  passed,  two  smaller  undulations,  cor- 
responding to  those  at  the  commencement  of  the  wave,  make  their  appearance, 
and  at  the  close  of  the  last  the  wave  terminates.'*  This  was  the  order  of 
things  in  1842, 1846  and  1845.  The  smaller  undulations  in  these  instances 
were  not  identical^  that  is,  they  did  not  occur  on  the  same  points  of  the  wave 
in  each  case ;  but  the  two  preceding  and  the  two  succeeding  undulations  to 
the  larger  or  central  one  were  well-marked ;  the  physiognomy  of  the  wave  was 
readily  recognized. 

The  wave  of  1844  exhibited  a  striking  departure^fVom  this  type  in  two  re- 
markable parUculars ;  the  epoch  of  transit  and  compound  form  of  wave*  The 
epoch  was  considerably  earlier  than  in  1842, 184S  or  1845^  namely  Oct  27 ; 
and  the  compound  form  consisted  only  of  three  instead  oi  Jhe  undulations* 
The  symmetry  however  was  very  apparent.  This  departure  from|the  November 
type  may  probably  be  connected  with  the  earlier  occurrence  of  the  wave ; 
future  observations  will  doubtless  make  us  acquainted  with  its  cause. 

XII.  Capt*  Larcom  of  the  Royal  Engineers  has  most  obligingly  forwarded 
me,  in  addition  to  the  observations  made  during  the  months  of  Oct.,  Nov.  and 
Dec.  1845,  curves  of  the  barometric  undulations  observed  at  Dublin  during 
the  Novembers  of  1829  to  1845  inclusive.  These  curves  are  so  admirably  cal- 
culated to  confirm  or  disprove  the  views  advanced  in  XI.,  that  \  avail  myself  of 
his  permission  to  lay  them  before  you ;  and  I  beg  to  acknowledge  the  great 
obligations  I  am  under  to  that  officer  for  the  valuable  assistance  he  has  rendered 
me  inthisinquiry,  both  with  respect  to  the  immediate  subject  now  under  discus* 
sion  (the  great  wave),  and  the  return  of  the  other  extensive  undulations  before 
alluded  to,  which  are  admirably  illustrated  by  the  curves  with  which  he  has 
furnished  me,  and  which  I  have  much  pleasure  in  submitting  to  the  Association. 

Review  of  the  essential  features  of  the  Great  Symmetrical  Barometric  Wave» 
as  exhibited  in  a  series  of  Curves  representing  the  Barometric  UnduUtions 
as  observed  at  Dublin  (Mount  Joy,  Ordnance  Survey  Office,  Phcenix  Park) 
during  the  Novembers  of  1829  to  1845  inclusive. 

[It  may  be  well  to  notice,  previous  to  proceeding  with  this  review,  that 
Dublin  is  not  constantly  situated  in  the  line  of  greatest  symmetry.  In  1842 
it  appeared  to  form  one  of  the  points  in  the  line,  but  the  observations  of  Nov* 
1845  have  shown  that  this  line  is  not  stable.  The  line  of  greatest  symmetry 
appeared  on  that  occasion  to  coincide  to  a  great  extent  with  the  southern 
coast  of  England,  so  that  Dublin  was  thrown  to  the  north  of  it.  It  is  pro« 
bable  this  line  has  a  sort  of  oscillatory  motion,  and  this  may  to  a  great  ex- 
tent explain  the  nodal  character  of  Brussels  as  a  barometric  station,  the  fixed 
point  in  the  line  being  not  far  removed  from  that  city.  The  departure  from 
symmetry  on  many  of  the  returns  of  the  great  wave  at  Dublin,  may  readily 
be  accounted  for  by  the  line  of  greatest  symmetry  being  considerably  removed 
from  thence.] 

1829.  The  great  wave  very  distinct ;  the  two  anterior  undulations  well* 
marked,  the  two  posterior  not  so  distinct. 
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Transit  of  anterior  trough.  Nor.  9. 

Transit  of  apex „    16. 

Transit  of  posterior  trough    „   23. 
Amplitude  in  time,  fourteen  days. 
1890*  The  symmetry  of  the  great  wave  not  so  apparent ;  the  subordinate 
nodulatioos  strongly  marlted. 

Transit  of  anterior  trough,  Nov.  15. 

Transit  of  apex   „    23. 

1831.  The  symmetry  of  the  great  wave  clearly  observable;  its  amplitude 
much  smaller ;  iuH^  subordinate  waves,  one  on  the  anterior,  the  other  on  the 
posterior  slope,  well-developed. 

Transit  of  anterior  trough,  Nov.    6. 

Transit  of  apex    „    12. 

Transit  of  posterior  trough     „     15. 
Amplitude  in  time,  nine  days. 
1S3S.  The  symmetry  very  distinct  on  this  occasion ;  the  curve  somewhat 
resembled  that  of  1842 ;  the  two  anterior  and  two  posterior  undulations  well* 
developed. 

Transit  of  anterior  trough,  Nov.   9. 

Transit  of  apex „     16. 

Transit  of  posterior  trough     „    23. 
Amplitude  in  time,  fourteen  days. 
The  trough  succeeding  one  of  the  posterior  undulations  is  deeper  than  the 
posterior  trough  of  the  great  wave,  a  circumstance  that  occurred  in  the  year 
1845  at  this  station  (Dublin).     Th'e  similarity  between  the  transits  of  the 
great  wave  in  1829  and  1892,  especially  as  to  time,  is  highly  interesting. 
The  remaining  movements  in  this  month  were  also  strikingly  symmetrical. 
1893.  The  great  wave  very  difficult  to  recognize ;  taking  the  well-marked 
depressions  of  the  seventh  and  twenty-first  as  the  anterior  and  posterior  troughs, 
and  regarding  the  movements  between  these  epochs  as  due  to  the  great  wave, 
afehoogh  greatly  concealed  by  the  strongly  developed  subordinate  waves,  we 
may  regard  the  whole  as  a  transit  of  the  great  wave  at  a  station  considerably 
remoT^  from  the  line  of  greatest  symmetry ;  the  two  anterior  subordinate 
waves  are  strongly  marked ;  the  posterior  appear  to  be  broken  into  a  number 
of  smaller  undulations. 

Transit  of  anterior  trough,  Nov.  7. 

Transit  of  apex    »    13« 

Transit  of  posterior  trough     „    21. 
Amplitude  in  time,  fourteeti  days. 

1834.  The  great  wave  very  distinct,  the  subordinate  waves  but  slightly 

developed* 

Transit  of  anterior  trough,  Nov«    7. 

Transit  of  apex    .  • , „     14. 

Transit  of  posterior  trough     „    21. 
Amplitude  in  time,  fourteen  days. 

1835.  The  great  wave  very  distinct  and  considerably  amplified ;  the  subor- 
dinate waves  diaiioct  but  not  strongly  developed. 

Transit  of  anterior  trough,  Nov.    3. 

Transit  of  apex  „    12. 

Transit  of  posterior  trough     „     21. 
Amplitude  in  time,  eighteen  days. 

1836.  The  gi^eat  wave  extremely  difficult  to  recognize ;  two  well-marked 
depressions  on  the  4th  and  17th  mark  the  terminations  of  a  somewhat  sym- 
loetrical  system  of  tnovements.    If  these  movements  may  be  considered  aa 
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replacing  the  great  wave,  they  are  characterized  by  the  most  remarkable 
absence  of  the  central  undulation  forming  its  crest ;  two  of  the  subordinate 
undulations,  equally  posited  with  regard  to  the  anterior  and  posterior  troughs, 
are  strongly  and  strikingly  developed;  and  where  the  central  undulation 
should  have  occurred,  raising  the  apex  above  thirty  inches,  a  great  depression 
is  seen. 

1837«  The  great  wave  well-developed ;  the  last  posterior  subordinate  wave 
strongly  developed. 

Transit  of  anterior  trough,  Nov.    1  or  Oct  3L 

Transit  of  apex    „     6. 

Transit  of  posterior  trough    „    14. 

Amplitude  in  time,  fourteen  days. 

1838.  The  similarity  between  the  curve  of  this  year  during  the  transit  of 
the  great  wave  and  that  of  1842  during  the  same  period  is  very  striking ;  the 
anterior  slopes  in  each  case  are  almost  representatives  of  each  other ;  the  two 
subordinate  waves  on  the  anterior  slopes  are  so  nearly  identical  as  to  leave  no 
doubt  of  the  movements  of  1842  being  a  most  decided  return  of  those  of  1 838 ; 
the  similarity  of  the  subordinate  waves  on  the  posterior  slopes  is  not  so  distinct, 
the  two  are  however  well-marked.  One  striking  difference  between  the 
curves  must  nevertheless  be  noticed;  in  1838  the  anterior  trough  was  lowest, 
in  1842  the  posterior  was  lowest. 

Transit  of  anterior  trough,  Nov.   7. 

Transit  of  apex    „    12. 

Transit  of  posterior  trough     „    21. 
Amplitude  in  time,  fourteen  days. 

1839.  The  great  wave  in  thb  year  is  very  difficult  to  recognize.  A  maxi- 
mum was  passed  on  the  23rd,  subordinate  waves  were  developed  on  each 
side  this  maximum.  There  appears  to  be  some  similarity  in  the  moveioents 
of  this  year  to  those  of  1830,  the  subordinate  waves  are  however  not  so 
distinct.  Transit  of  apex,  Nov.  23. 

1840.  In  this  year  also  the  great  wave  is  difficult  to  detect  unless  the  broad 
nmximum  of  the  26th  forms  its  crest,  in  which  case  the  posterior  slope  runs  into 
December ;  this  is  borne  out  by  the  Greenwich  observations,  they  however  ex- 
hibit a  large  development  of  one  of  the  subordinate  waves  on  the  posteriorslope. 

In  the  following  table  all  the  above  features  are  collected.  The  amplitudes 
(in  all  cases  except  two  being  of  the  same  extent,  namely  fourteen  days) 
strongly  confirm  the  views  advanced.  These  views  ^receive  still  greater  con- 
firmation from  the  epochs  of  the  transits  of  the  crests,  which  are  arranged 
according  to  the  dajfs  of  the  month  on  which  they  occurred  in  Table  III. 

Table  II. 


Taw. 

Anterior 

Crvt. 

POftcrioi 

Amplitude 
in  time. 

Bemaiki. 

1889 
1830 
1831 
1833 
1833 
1834 
1835 
1836 
1837 

1838 

1839 
1840 

Nov.   9 
15 
6 
9 
7 
7 
3 

Oct'ii 

Nov.   7 

Nov.  16 
33 
13 
16 
13 
14 
13 

Nov.  83 

Dnrt. 
14 

Very  distinct. 

Symmetry  not  to  apparent. 

Symmetry  clearly  obeervable. 

Symmetry  very  distinct. 

Wave  very  difficult  to  recognize. 

Very  distinct. 

Very  distinct 

Bxtremely  difficult  to  recognize. 

Well-deyeloped. 
r  Similarity  between  1838  &  1842 
\     very  great. 

Wave  very  difficult  to  recognize. 

Difficult  to  detect. 

15 
88 
81 
81 
21 

14 

81 

9 
14 
14 
14 

18 

6 
13 
23 

14 
14 
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Tablb  III. 


Dudnet,  weD-marked  truiaiU. 

DonbdU  tnniits. 

Tmv. 

BpoclKfcNtt. 

ValM. 

Twr. 

Epodiofowt. 

Value. 

1837 

Not.  6 

30*80 

1833 

Not.  13 

9fH^ 

1831 

18 

30*38 

1830 

83 

30-18 

1885 

18 

30-40 

1889 

83 

30-18 

1838 

18 

30-36 

1840 

86 

8M8 

1845 

13 

89-87 

1834 

14 

30-48 

1843 

14 

30-87 

1880 

16 

80-47 

1838 

16 

30-81 

1848 

17 

30-35 

1841 

85 

8978 

From  the  above  table  it  appears  that  with  two  ezceptiooB  in  eleven  jean 
of  distinct  and  well-marked  transits  of  the  great  wave,  theepochsof  the  maxima 
were  confined  to  five  days  near  the  middle  of  the  month*  namely  from  the 
12th  to  the  17tb.  The  greater  proportion,  twelve  years  out  of  seventeeoy  in- 
dadiog  1S44>,  in  which  the  wave  has  distinctly  returned,  greatly  confirms  the 
results  noticed  in  sec*  XL,  namely  that  we  have  obtained  the  fype  of  the 
barometric  movements  during  fourteen  days  in  November,  more  or  less  equally 
disposed  about  the  middle  of  the  month, 

1  cannot  here  avoid  noticing  another  feature  of  a  most  interesting  character 
vbicb  isvery  strikingly  developed  in  these  curves  of  November;  it  is  apparently 
UDoonnectea  with  the  great  wave.  1  allude  to  a  general  tendency  to  deprcf- 
^A  in  the  mercurial  column  about  the  bst  four  or  five  days  in  the  month  I 
the  following  are  the  years  in  which  this  depression  occurred  :«-* 

TA3X,B  IV- 


Tflir. 

Epoch  of 
muUmuBi. 

VtbM. 

1889 

Bsromeu 

irftUiBff. 
89& 

1830 

Nov.  87 

1838 

88 

8919 

1838 

88 

88-31 

1884 

88 

88-97 

1835 

30 

88-86 

1836 

87 

88-81 

1837 

88 

89-86 

1888 

88 

87-77 

1838 

89 

8908 

1841 

80 

88-47 

1848 

84* 

8838 

1843 

2fi 

8915 

1844 

88 

89-74 

1845 

89 

89-08 

*  A  minimum  oecuired  on  Nov.  37,  vilae  28*56. 

Thb  depression  has  occurred  so  regularly,  only  two  exceptions  having  been 
<^b$enred  in  seventeen  years,  that  it  appears  highly  probable  that  its  return 
^J  be  eznected  with  as  much  if  not  more  regularity  than  that  of  the  great 
^re  itaelr,  on  or  near  the  28th  of  the  month. 

1846.  K 
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Section  II. 

Comparison  (f  contemporaneous  observations  of  the  return  of  the   Great 

Wave,  Nov.  1845. 

Of  the  observations  that  have  come  to  hand,  the  following  have  been  pro- 
jected in  curves  in  order  to  exhibit  the  characters  of  the  great  wave  at  various 
and  distant  stations ;  the  epoch  of  the  curves  are  Nov.  6  to  22»  the  duration 
of  the  great  wave. 

Scilly.  London.  Birmingham. 

Helstone.  Yarmouth.  Stokesley. 

St.  Catherine's  Point    Haisboro.  Belfast 

Portsmouth.  Heligoland.  Galwaj. 

These  stations  being  considerably  less  than  half  the  number  from  which 
observations  have  been  received,  it  would  be  premature  to  draw  any  conclu- 
sions from  a  comparison  of  the  curves,  as  well  as  appearing  to  give  a  preference 
to  certain  observations  to  the  exclusion  of  others  which  have  been  executed 
with  great  care  and  fidelity,  and  from  which  in  connection  with  the  whole 
the  most  valuable  results  are  likely  to  be  arrived  at.  Every  exertion  would  have 
been  made  to  have  completed  the  rough  projection  in  curves  of  eUl  the  ob- 
servations made  during  the  transit  of  the  great  wave,  in  order  to  have  sub- 
mitted to  the  present  meeting  a  first  approximation  to  its  general  characters 
as  exhibited  at  a  diversity  of  stations,  had  not  the  publication  of  Mr.  Brown's 
paper  directed  my  attention  to  the  arrangement  of  the  aerial  currents  over  the 
area  of  the  British  Isles  during  the  transit  of  the  great  wave  of  Nov.  1842, 
the  value  of  which  I  have  alluded  to  in  my  introductory  remarks. 

It  may  however  be  important  on  this  head  to  report  the  progress  made,  and 
to  notice  a  few  particulars  merely  as  indicating  the  course  pursued  and  the 
highly  important  results  likely  to  be  obtained  from  a  complete  discussion  of 
the  observations,  not  only  for  the  period  during  the  transit  of  the  great  wave, 
but  also  during  the  two  months  over  which  the  observations  extend.  The 
curves  are  susceptible  of  a  variety  of  arrangements,  according  as  it  may  be 
deemed  desirable  to  exhibit  certain  characteristic  features  of  the  nonnal  or 
secondary  waves.  In  submitting  the  projected  curves  to  your  notice  on  this 
occasion,  I  have  selected  that  arrangement  best  calculated  to  exhibit,— first, 
the  symmetrical  character  of  the  wave,  and  secondly,  the  direction  in  which 
this  symmetrical  character  is  most  departed  frouL 

The  first  two  curves  (Scilly'and  Hebtone)  are  characterized  bj three  periods 
of  barometric  readings  of  nearly  the  same  value  (slightly  above  twenty-nine 
inches),  occurring  on  the  7th,  II th  and  1 9th ;  between  the  11th  and  19th  we 
find  the  central  undulation  forming  the  crest  The  Helstone  curve  gives  the 
greatest  synunetrical  arrangement  From  these  curves  we  may  conclude  that 
SciUy,  and  especially  ITeiisftm^,  were  situated  near  the  line  of  greatest  symmetry. 
It  is'desirable  particularly  to  notice,  that  at  these  stations  the  depressions  of 
the  7th  and  Ilth  are  about  equal ;  there  appears  to  have  been  nofaUfromihe 
commencement  of  the  wave  to  the  depression  cf  the  11th.  Two  distinct  and 
well-marked  waves  (the  two  at  the  commencement  of  the  great  wave)  are 
veiY  discernible. 

The  next  two  curves,  St  Catherine's  Point  (Isle  of  Wight)  and  Portsmouth, 
nearly  agree  with  the  two  preceding,  especially  in  the  depressions  of  the  1 1th 
and  19th  being  of  equal  value.  There  is  however  a  marked  diflPerence  be- 
tween these  curves  and  those  of  Scilly  and  Helstone,  in  the  two  anterior  waves 
being  less  developed,  and  the  barometer  exhibiting  a^ai/yromM^  commeTice- 
meiU  of  the  great  wave  to  tlie  depression  of  the  1 1  th ;  and  this  fall  is  not  only 
traced  towards  the  E.N.E.  through  the  stations  London,  Yarmouth  and  Har- 
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wiefa,  Hauboro  and  Heligoland,  but  it  increases  in  valae  as  we  approach 
the  NJB.  Now  this  state  of  things  would  result  from  a  large  wave  passing 
from  W.S.W.,  the  posterior  slope  from  Heligoland  to  Scilly.  The  readings 
for  contemporaneous  epochs  at  each  E.N.E.  station  would  be  higher,  and  the 
M  greater.  Taking  the  Helstone  curve  as  the  tjpe  of  greatest  symmetry — 
eoosisting  in  the  eqyaUfy  of  the  three  depressions  above  named,  and  the  whole 
of  the  r«uiings  being  above  these  depressions, — ^we  have  St  Catherine's 
Point  and  Portsmoutii  slightly  departing  from  this  symmetry,  in  the  move- 
ments from  the  7th  to  the  1 1th  being  thrown  higher  than  those  at  SdUy  and 
Helstone. 

The  curves  in  which  we  have  traced  the  increase  of  the  fall  from  the  7th 
to  the  II  th,  exhibit  a  much  greater  departure  from  symmetry,  in  the  depres- 
Bonof  the  19th  being  lower  than  that  of  the  11th;  and  this  difference  in- 
creases in  the  order  in  which  the  curves  are  arranged,  viz.  London,  Yarmouth, 
Haisboro,  and  Heligoland ;  and  so  great  is  thb  difference  in  the  last  three 
corves,  that  when  combined  with  the  fall  from  the  7th  to  the  11th,  the  baro- 
metric movements  (abstracting  the  secondary  waves)  are  of  a  downward 
character,  that  is,  from  the  7th  to  the  19th  at  these  stations  the  tendency  in 
the  mercurial  column  is  to  fall  very  slowly  and  gently.  At  Scilly,  Helstone, 
P(Nrt8month  and  the  Isle  of  Wight,  this  tendency  to  fall  did  not  exist. 

Birmingham  offers  a  striking  difference  from  the  last-named  curves ;  the 
departure  from  symmetry  is  more  apparent,  but  the  downward  movement  is 
confined  to  the  period  between  the  depressions  of  the  lUh  and  19th.  On 
tills  hand  the  Birmingham  curve  is  connected  with  the  south-eastern  group, 
and  clearly  shows  that  the  symmetry  is  greatly  departed  from  to  the  N.E.  of 
SeiOy  and  Helstone.  On  the  other  hand,  it  is  connected  with  the  Scilly  and 
Helstone  curves  by  the  movements  of  the  7th  to  the  11th,  with  a  slighter  de- 
Telopment  of  the  two  anterior  waves ;  if  there  is  any  difference^  there  is  a 
%ht  rise  from  the  7th  to  the  1 1th. 

Stokesley  in  Yorkshire  presents  features  nearly  approaching  Birmingham, 
vith  a  greater  departure  from  symmetry,  more  especially  in  the  depression  of 
the  19th,  which  is  deeper. 

Bdfast  in  Ireland  exhibits  the  same  departure  from  symmetry,  in  the  de- 
PKSBion  of  the  19th  being  thrown  considerably  below  that  of  the  11th ;  but 
^re  IS  in  this  curve  a  certun  return  to  a  symmetrical  arrangement  of  a 
nmeirhat  different  character  to  that  exhibited  by  the  curves  of  Scilly  and 
Helstone;  this  consists  in  a  most  decided  rise  from  the  depression  of  the  7th 
to  that  of  the  1 1th:  the  depressions  of  the  7th  and  19th  are  thus  brought 
iiorer  to  an  equality.  In  these  respects  (especially  the  latter)  the  curves  of 
Bd&st  and  Galway  strikingly  agree,  and  offer  a  decided  contrast  to  the  south- 
^Bstem  group,  which  exhibits  a  fall  to  the  depression  of  the  11th. 

We  thus  have  the  area  included  by  the  angular  points,  Scilly,  St.  Catherine's 
^mt,  Heligoland,  Belfast  and  Galway,  parcelled  out  into  three  barometric 
v'eas.  Near  the  extreme  southern  station  the  greatest  symmetrical  move- 
iDQitB  occurred ;  the  south-western  portion  of  our  island  may  therefore  be  re- 
iMed  as  the  area  of  greatest  symmetry.  A  line  passing  from  Scilly  to 
^kealey  will  divide  the  area  into  two  portions,  each  characterized  by  dif- 
ferent and  opposite  barometric  movements,  as  far  as  the  observations  from 
the7Ui  to  the  11th  are  concerned.  On  the  N.W.  of  this  line  the  barometer 
v»  risbg,  while  on  the  S.£.  of  it,  it  was  falling. 

We  noticed  that  the  fall  might  be  occasioned  by  a  wave  passing  off  toward 
^  E.N.E. ;  now  as  a  rise  is  occasioned  by  an  anterior  slope,  a  wave  coming 
^  from  the  N.W.  would  occasion  the  phsenomeua  observed.  In  that  por- 
tion of  the  area  covered  by  the  advancing  wave  the  barometer  would  rise ; 

k2 
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in  that  covered  by  the  receding  wave  it  would  fall,  while  in  that  in  which 
the  two  waves  interfertd  bo  as  to  counteract  each  other,  a  quiescent  state  of 
the  atmosphere  would  result.  This  appeared  to  be  the  case  in  the  area  of 
greatest  symmetry,  in  which  the  larger  waves  so  interfered  as  to  exhibit  the 
smaller  secondary  waves  uninfluenced  by  them.  This  leads  us  to  the  real 
character  of  the  symmetrical  wave ;  not  that  there  is  such  a  reality  in  nature, 
as  will  be  shown  in  the  next  part  of  this  report,  but  that  it  results  from  the 
combination  of  large  normal  waves  moving  in  different  directions  so  as  to 
interfere*. 

I  do  not  place  any  stress  upon  these  deductions,  as  I  have  alluded  to  them 
merely  to  show  the  progress  I  have  made,  and  that  a  complete  discussion  of 
the  observations  is  likely  to  be  attended  with  highly  important  results.  The 
results  of  the  examination  of  Mr.  Brown's  observations,  as  detailed  in  the  next 
part  of  the  report,  are  I  apprehend  calculated  to  throw  much  light  on  the 
inquiry,  and  when  these  observations  are  discussed  with  reference  to  the 
views  there  set  forth,  our  knowledge  of  these  interesting  movements  will  I 
have  no  doubt  be  greatly  increased. 

Part  IL 
ExammaHon  of  Mr.  Brown's  paper  on  the  OscUiaikms  of  the  Bairomeier. 

In  the  Philosophical  Magazine  for  April  last,  Mr.  William  Brown  has 
published  a  paper  on  the  oscillations  of  the  barometer,  with  particular  reference 
to  the  meteorological  phsenomena  of  November  1842.    The  object  of  this 
paper  is  to  show  that  the  barometric  oscillations  are  produced  by  the  meeting 
of  opposite  or  nearly  opposite  aerial  currents ;  that  one  current  thus  meeting 
or  impinging  on  another,  deflects  it,  and  under  some  circumstances  produces 
a  rise  of  the  mercurial  column,  but  under  others  occasions  a  fall  in  noany 
cases  of  considerable  magnitude.    In  order  to  elucidate  hb  views,  Mr.  Brown 
has  collected  barometric  observations  from  eleven  stations,  which  are  scattered 
over  an  area  included  by  the  following  angular  points  :-<i-The  Orkneys, 
Christiania  in  Norway,  Paris,  Plymouth  and  Cork.    These  observations  are 
in  most  cases  given  as  read  off  from  the  scale.    In  addition  to  these  the 
paper  is  accompanied  by  six  plates,  in  which  the  direction  of  the  wind  at 
numerous  stations  is  indicated  for  every  day  during  twenty-six' days  in  the 
month  by  arrows.    The  anemonal  observations  pubusbed  in  the  body  of  th^ 
paper  not  being  in  all  cases  for  consecutive  days,  a  comparison  of  them  with 
the  plates  is  rendered  difficult ;  nevertheless  the  plates  form  a  very  valuable 
portion  of  the  communication,  and  if  they  have  been  laid  down  from  accurate 
observations,  they  furnish  us  with  an  important  addition  to  our  knowledge  of 
the  arrangemen/t  of  the  aerial  currents,  especially  with  respect  to  the  distribu- 
tion of  pressure.    It  is  a  matter  of  regret  that  Mr.  Brown  did  not  so  arrange 
his  observations  and  plates,  that  the  accuracy  of  the  latter  could  have  been 
seen  by  inspection. 

I  have  alluded  to  this  paper  as  peculiarly  interesting  at  the  present  time, 
when  the  attention  of  meteorologists  is  directed  to  the  important  and  interest- 

*  I  have  accompanied  these  curves  with  one  on  a  smaller  scale,  representing  observations 
at  the  Orkneys  by  the  Rev.  C.  Clonston.  The  very  striking  departure  from  symmetry  is 
extremdy  apparent  in  this  carve  by  the  depression  of  the  19th  sinking  considerably  b^w 
the  readings  at  any  other  station.  This  curve  is  more  in  aocQrdaace  with  Uiose  from  tke  Irish 
stations  in  the  rise  from  the  7th  to  the  llth,  and  it  appears  to  be  connected  with  Heligoland 
by  the  depression  of  the  Uth  beinff  but  slightly  developed ;  in  this  respect  it  also  agree*  with 
the  Stokesley  curve.  The  depression  of  the  11th  is  very  apparent  in  the  S.W.  curves,  and  it 
gradually  decreases  as  we  approach  the  N.E.,  where  it  is  mnch  less.  The  Orkneys  appear 
to  have  been  under  the  anterior  slope  of  the  wave  coming  from  the  N.W. 
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iDg  problem  of  the  barometric  dBciUatioDiy — one  class  of  philosopherB  re* 
gaidiog  them  as  only  the  effects  of  currents  of  air  of  unequal  temperature 
aod  moisture ;  and  another  as  the  effects  of  undulations  progrtsnng  m  the 
mamer  of  waves  of  sounds  and  propagaHng  themselves  with  great  velocUy  aver 
larat  portions  of&e  eartKs  surface  (Report,  1845)  page  SO). 

ft  is  not  my  intention  to  enter  into  an  examination  of  the  conclusions  and 
remits  which  Mr.  Brown  has  arrived  at;  as  the  question  is  open,  I  apprehend 
I  shall  not  be  doing  an  injustice  to  that  gentleman  by  employing  a  rather 
(liferent  process  to  that  which  he  has  used,  and  further  discussing  the  ob- 
servations he  has  given.  I  beg  to  acknowledge  the  obligations  I  am  under 
to  him  for  these  observations,  and  especially  for  the  plates,  of  which  I  have 
before  spoken :  they  are  extremely  interesting  in  the  present  inquiry. 

In  accordance  with  these  remarks,  I  shall  select  the  following  stations  from 
Mr.  Browns  list:— the  Orkneys,  Belfast,  Shields,  Cork,  Bristol,  Plymouth, 
LoDdon,  Paris,  and  Christiania.  The  reason  I  have  omitted  Glasgow  and 
Armagh  will  be  apparent  from  Mr.  Brown's  notes.  As  I  intend  to  discuss 
these  observations  with  especial  reference  to  the  wave  hypothesis,  I  shall 
most  cautiously  avoid  in  my  future  remarks  any  thing  that  may  at  all  bear 
on  Mr.  Brown  s  views.  The  plan  I  intend  to  proceed  on  is  as  follows.  I 
iball  select  the  middle  observation  of  each  day ;  at  those  stations  where  only 
two  are  given  morning  and  evening ;  I  shall  take  a  mean  of  them.  These 
observations  I  shall  so  arrange  that  thev  may  exhibit  the  distribution  of 
pressure  over  the  area  for  each  day — ^the  line  or  lines  of  the  greatest  diminu- 
tion of  pressure— 4nd  the  relation  of  such  distribution  and  of  such  lines  to 
tbe  aerial  currents  or  winds.  As  a  convenient  method  of  readily  expressing 
tbese  various  relations  and  giving  to  the  discussion  that  completeness  which 
otherwise  it  would  want,  I  shall  adopt  the  wave  hypothesis,  and  to  every  line 
of  harometric  maxima  apply  the  term  crest  and  to  every  line  of  minima  the 
term  trough*  In  a  word,  I  shall  regard  the  progress  of  the  barometric  uid 
uiemonal  phaenomena  as  the  progress  of  waves.  The  observations  will  re- 
niain  the  same  both  in  Mr.  Brown  s  and  my  own  discussions,  the  results  only 
vUl  be  different ;  and  it  will  remain  for  other  philosophers,  by  more  closely 
uivestigating  the  subject,  and  submitting  the  observations  to  a  more  rigorous 
and  searching  discussion,  to  advance  this  interesting  inquiry  and  to  become 
Bore  intimately  acquainted  with  the  causes  of  these  interesting  phcenomena. 
Having  announced  my  intention  of  discussing  these  observations  on  the 
vaTe  hypothesis,  it  will  be  important  before  commencing  such  discussion  to 
supply  a  deficiency  in  my  two  former  reports,  and  endeavour  to  give  a  com- 
pleteoeas  to  them  which  at  present  they  are  destitute  of.  The  nature  of  the 
loquirj  occasioned  them  to  be  drawn  up  and  presented  to  the  Association  in 
a  fragmentary  manner,  the  first  detailing  the  steps  I  intended  to  adopt  in  the 
examination  of  the  great  wave  of  Nov.  1 842,  and  the  second  the  further  in- 
fonnation  I  had  obtained  relative  to  this  and  other  atmospheric  undulatory 
iBovements ;  and  to  a  certain  extent  the  same  remark  will  apply  to  the  present 
f^rt,  embodying  as  it  does  the  progress  made  since  the  last  meeting  of  the 
Association.  The  deficiency  to  which  I  allude  is  the  notion  we  form  of  an 
atmospheric  wave ;  I  shall  therefore,  previous  to  placing  the  discussion  of  Mr. 
Brown's  observations  before  you,  as  clearly  as  I  can,  state  the  idea  I  entertain 
cfsuch  a  wave,  and  in  introducing  it  to  your  attention  I  shall  avail  myself  of 
Mr. Scott  Russell's  designation  of  the  elements  of  a  wave  as  in  figure  I,  and 
t^  proceed  with  the  definition  of  an  atmospheric  wave. 
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Section  L 
Definitian  and  Phcenomena  of  an  Atmotpherie  Wave. 

When  a  number  of  barometric  observations  are  projected  ou  paper  accord* 
ing  to  a  suitable  scale,  and  continued  for  months  and  years,  the  eye  on 
contemplating  them  will  recognize  a  variety  of  curved  formsy  some  of  large 
and  some  of  small  amplitude;  some  rising  to  a  considerable  altitude,  others 
sinking  far  below  the  level,  representing  the  mean  barometric  pressure  at  the 
station  of  observation.     At  first  there  appears  but  little  regularity  in  these 
curvilinear  records  of  the  ever-shifting  state  of  our  atmosphere,  but  here  and 
there  the  attentive  observer  will  notice  some  similarity  existing  between  two 
or  more  individual  curves,  and  he  may  notice  some  which  possess  a  certain 
symmetrical  arrangement  of  the  ascents  and  descents.    In  consequence  of 
this  similarity  and  symmetrical  arrangement,  he  examines  more  carefully  the 
records  of  barometric  pressure,  and  not  only  discusses  the  observations  at 
one  station,  but  compares  those  observations  with  others  made  at  variotu 
stations ;  and  here  again  he  finds  apparent  irregularity  and  confusion.     The 
curves  to  a  certain  extent  agree,  but  in  many  minor  points  they  differ  often 
very  considerably,  in  some  cases  rising  at  one  station  while  falling  at  another ; 
this  induces  a  still  more  minute  and  careful  investigation :  the  distribution  of 
pressure  over  the  largest  area  he  can  command  is  carefully  examined ;  and 
whether  his  stations  are  few  or  many  at  any  given  time,  he  finds  on  this  area 
a  point  of  maximum  pressure  and  a  point  of  minimum  pressure ;  between 
these  points  he  finds  various  pressures,  generally  increasing  from  the  point  of 
least  pressure  to  the  point  of  greatest  pressure.    On  some  occasions  he  finds 
a  line  of  high  pressure,  stretching  quite  across  the  area,  and  on  others  a  line  i}f 
low  pressure.     By  continuing  his  inquiries  for  successive  epochs,  he  finds 
these  lines  of  high  and  low  pressure  move  across  the  area,  or  in  other  words, 
the  high  pressure  or  low  pressure  is  gradually  transferred  from  one  point  to 
another.  .  He  also  finds  at  still  more  remote  epochs  other  lines  of  high  and 
low  pressure,  some  having  the  same  direction  with  the  lines  originally  noticed, 
and  others  crossing  the  direction  of  the  original  lines  at  various  angles. 

The  questions  which  now  suggest  themselves  are  the  fpUowing.  What 
are  these  movements  ?  How  can  they  be  represented  ?  In  what  manner 
can  they  be  explained  ?  A  simple  consideration  of  the  curves  suggests  the 
idea  of  waves  as  explanator}'  of  the  pheenomena,  and  the  term  atmospheric 
wave  has  been  used  to  designate  that  ideal  individuaUfy  which  the  mind 
attributes  to  the  process  which  it  observes  of  the  successive  change  of  place 
which  the  barometric  maxima  and  minima  undergo,  and  by  which  they  re- 
gularly succeed  each  other  over  the  area  under  examination ;  this  ideal  in- 
dividuality has  been  employed  as  a  mean  of  examining  the  movements  just 
alluded  to.  The  line  of  high  pressure  stretching  across  the  area  (the  figure 
being  supposed  to  cut  this  line  transversely)  has  been  termed  -the  cnest,  W  ; 
the  line  of  low  pressure  in  advance  of  the  crest,  the  anlerior  trough^  a  (the 
origin  of  Mr.  Scott  Russell's  water  wave) ;  the  line  of  low  pressure  succeeding 

Fig- 1. 


W,  The  ereit.  w  a.  The  ampUtode.  a,  The  orisia  *. 

W  a,  The  front.  W  A,  Thehcuht.  w,Tbi$tai. 

Ww,  ThebMk. 

*  Mr.  Scott  Rnssell  decigriates  the  point  a  the  origin ;  a  better  term  I  apprehend  would  be 
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the  crest,  the  posterior  trough,  w  (the  end  of  Mr.  Scott  RusselFs  water  wave) ; 
the  line  t0...A,  as  measured  by  the  mercurial  column,  the  altitude  of  the  wave ; 
the  slope  W  Oj  the  anterior  slope  or  front  of  the  wave ;  the  slope  W  10,  the 
poiterior  slope  or  back  of  the  wave;  10  a  constitutes  the  amplitude  of  ihe  wave, 
and  St'       'X  in  the  same  direction,  the  axis  of  translation. 

The  exbtence  of  atmospheric  currents,  especially  the  equatorial  and  polar, 
has  been  well-established ;  and  there  is  a  class  of  philosophers  who  attribute 
the  barometric  oscillations  enHrdy  to  the  effects  of  these  currents  as  con- 
tra-distinguished to  the  effects  of  waves  such  as  we  have  just  mentioned.  In 
contemplating  the  transference  of  the  barometric  maxima  and  minima,  we 
regard  only  the  wave'^noUon — ^but  very  different  must  be  the  air-moHon, 
Prof.  Dove,  in  his  letter  to  Col.  Sabine  relative  to  the  magnetical  and  mete- 
orological observations,  has  announced  his  opinion  that  the  equipoise  of  the 
atmosphere  is  maintained  in  the  temperate  zone  by  currents  an  the  same  level 
fincing  in  opposite  directions  (Repoii,  1845,  page  61)  ;  thus  we  have  a  bed  or 
stratum  of  air  moving  from  the  S.W.,  and  on  each  side  of  this  are  strata  of 
N.E.  winds.  We  may  here  inquire,  how  are  these  alternate  aerial  currents 
related  to  the  waves  before  alluded  to  ?  It  b  one  of  the  objects  of  the  following 

U  Fig- 2. 
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discussion  to  exhibit  this  relation,  which  may  be  thus  briefly  expressed,  at  least 
in  so  far  as  the  examination  of  the  observations  has  yet  extended*.  Let  the 
strata  a  a  a'  a\  V  V  hhy  fig.  2,  represent  two  parallel  aerial  currents,  a  a  a*  a! 
being  from  S.W.  and  b*  b*  bb  from  N.E.,  and  conceive  them  both  to  advance 
from  the  N. W.  in  the  direction  of  the  large  arrow,  that  is  the  strata  themselves 
will  advance  with  a  lateral  motion.  Now  conceive  the  barometer  to  com- 
mence rising  just  as  the  edge  b  b  passes  any  line  of  country,  and  to  continue 
rising  until  the  edge  V  b*  arrives  at  that  line,  when  the  maximum  b  attained. 
The  wind  now  changes  and  the  barometer  immediately  begins  to  fall,  and 
continues  to  fall  until  the  edge  a  a  coincides  with  the  line  of  country  on 
which  b  b  first  impinged.  During  this  process  we  have  all  the  phsenomena 
exhibited  by  an  atmospheric  wave ;  when  the  edge  b  6,  fig.  %  passes  the  line 
of  country,  the  point  a,  fig,  1,  of  the  wave  (the  anterior  trough)  transits  that 
line  of  country  and^  the  barometer  begins  to  rise  with  a  N.E.  wind.  During 
the  period  the  stratum  V  b*  b  6,  fig.  2,  transits  the  line  the  anterior  slope  W  a, 
fig.  1,  passes ;  'when  the  conterminous  edges  of  the  strata  a'  a'  b*  b\  fig.  2, 
pass, the  crest  W,  fig.  1,  extends  in  the  direction  of  the  preceding  trough: 
the  barometer  now  begins  to  fall,  and  when  the  edge  a  a,  fig.  2,  occupies  the 
place  of  b  by  also  fig.  2,  the  descent  of  the  mercurial  column  is  completed ;  the 

*  For  this  knowledgt  I  am  indebted  to  Mr.  Brown's  plates. 
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posterior  slope  W  ir,  fig.  1 ,  has  passed,  and  the  posterior  trough  Wt  fig.  U  now 
occupies  the  line  in  which  the  anterior  trough  extended* 

From  these  considerations,  we  readily  see  that  the  wave  is  a  convenient 
method  of  representing  the  barometric  fluctuations;  we  have  already  noticed 
the  wave  motion^  the  lateral  transference  of  the  parallel  beds  of  aerial  currents* 
We  have  seen  that  the  rise  is  due  to  the  anterior  slope  and  the  fall  to  the 
posterior ;  and  we  now  further  learn  that  the  direction  of  the  aerial  current  on 
the  anterior  slope  is  at  right  angles  to  the  axis  of  translation  directed  towards 
the  left'han/dy  while  on  the  posterior  slope  it  is  the  reverse;  still  at  right  angles 
to  the  axis  of  translation,  but  directed  towards  the  right-hand. 

Having  thus  noticed  tl^e  wave-motion  with  its  accompanying  air'tnotion^ 
these  interesting  questions  suggest  themselves.  How  are  the  forces  of  this 
air-motion  arranged  ?  Do  all  the  particles  move  with  the  same  velocity  ? 
Are  there  different  velocities  in  different  parts  of  the  wave  ?  Our  anemo- 
meters will  answer  these  questions.  In  the  troughs,  the  edges  bb aa^  the 
forces  are  strongest;  as  the  barometer  rises,  the  force  gradually  subsides;  when 
the  crest  passes,  it  is  zero ;  and  as  the  baronieter  falls,  it  increases  until  the 
trough  passes,  when  it  is  again  strongest. 

The  examination  of  the  transit  of  a  single  wave  by  means  of  barometric 
and  anemonal  observations,  would  be  comparatively  easy,  but  it  seldom 
happens,  from  the  operation  of  natural  causes,  that  an  isolated  or  solitary 
wave  is  produced.  In  almost  every  instance  (except  in  those  in  which  the 
generating  power  is  verv  much  greater  than  any  which  occasions  the  pro- 
duction of  smaller  waves)  the  wave  is  contemporaneous  with  others  of  equal, 
if  not  of  greater  magnitude,  so  that  different  systems  are  in  motion  at  the 
same  time,  each  individual  pursuing  its  own  course,  and  although  perfectly 
independent  of  every  other,  yet  greatly  modifying  the  remUing  phanomena 
as  exhibited  by  the  barometer  and  anemometer.  When  therefore  we  pro- 
ceed with  the  examination  of  certain  barometric  and  anemonal  phsenomena 
in  the  manner  above-  alluded  to,  we  are  speedily  perplexed  with  the  baro- 
metric and  anemonal  effects  of  cross  waves ;  the  flowing  of  one  set  of  waves 
in  a  certain  direction  is  apparently  interrupted  and  interfered  with  by  an- 
other in  a  different  direction,  and  before  the  first  set  can  be  exhibited  with 
its  proper  proportions,  and  the  true  altitudes,  amplitudes,  velocities,  and  direc- 
tions of  its  individual  waves  assigned,  all  the  phsenomena  of  the  other  set 
must  be  carefully  dbentangled  and  separated  from  the  aggregate  phsenomena 
presented  by  the  contemporaneous  systems.  The  barometric  curve,  including 
a  complete  rise  and  fall  at  any  one  station,  is  not  the  curve  resulting  from 
the  transit  of  any  one  wave ;  it  does  not  represent  the  form  of  an^  reality 
in  nature ;  but  it  does  represent,  and  is  an  exponent  of  the  effects  resulting 
from  the  contemporaneous  transits  of  waves,  or  systems  of  waves,  such  as  have 
been  described. 

The  contemporaneous  existence  of  these  cross  waves^  with  their  appro- 
priate aerial  currents,  as  manifested  by  the  barometer  and  anemometer,  ap- 
pears likely  to  form  an  experimentum  crucis  between  the  conflicting  hypotheses, 
the  oscillations  of  the  barometer  as  dependent  on  waves,  in  contradistinction 
to  that  of  the  same  oscillations  as  dependent  only  on  the  aerial  currents. 
When  a  current  meets  with  another  at  any  angle,  both  are  altered  in  direc- 
tion ;  and  if  the  forces  are  different,  the  united  current  proceeds  with  an 
increased  or  diminished  strength,  according  to  the  situation  of  the  station 
relative  to  the  separate  currents  before  confluence.  This  union  would  of 
course  influence  the  barometer ;  if  the  station  is  in  a  current  of  slow  pro- 
gress, and  the  air  possesses  considerable  density,  the  barometer  would  fall 
upon  the  new  current  being  established ;  while  at  another  station,  where  the 
force  of  the  wind  is  great  and  the  pressure  low,  it  would  rise  when  the  con- 
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floenee  took  place.  These  phaenomena,  however,  could  od1| 
impinging  of  currents ;  upon  M.  Dove's  theory  of  parallel 
lite  direotionsy  it  does  not  appear  likely  that  they  can  exist, 
suggested  that  these  parallel  currents  may  be  shifting  ones,  and  we  have 
supposed  that  the  parallel  currents  of  N.E.  and  S.W.  winds  may  advance 
from  the  N.W.  with  a  lateral  motion.  The  same  cause  that  produces  the 
opposite  and  superposed  eauatorial  and  polar  currents,  will  also  give  rise  to 
the  same  opposite  but  parallel  currents  in  the  temperate  zone,  namelyi  the 
aaoeodtflg  colamn  of  heated  and  consequently  rarefied  air.  Now  it  is  well 
koown  that  in  stormy  weather,  when  the  wind  is  blowing  with  great  forcci 
the  barometer  being  nearly  at  its  minimum,  upon  the  wind  changing  the 
barometer  eommmces  rinng ;  the  wind  however  continues  to  blow  with  about 
th«  lame  force  as  it  did  with  the  previous  falling  barometer.  Upon  M. 
Dore's  view  of  parallel  and  opposite  currents,  somewhere  in  or  near  the  line 
fonning  the  boundary  between  the  currents,  towards  or  in  the  torrid  aone* 
ve  ought  to  find  the  point  of  rarefaction,  and  to  this  point  the  N.E.  current 
would  rush  with  the  greatest  foree  to  supply  the  ascending  column  of  heated 
air*.  This  N.E.  current  would  be  compensated  by  a  8.W*  current  of  nearly 
or  quite  the  same  force,  situated  Just  to  the  8.E. 
of  it,  as  in  fig.  S,  in  which  let  a  point  of  rare- 
&etioD|  a  fbr  instance,  exist  in  anv  locality, 
n  duu  a  N.E.  current  may  be  established  to 
sopply  the  ascending  column  (  suppose  the 
greatest  foree  to  exist  along  the  line  of  crossed 
UTows  6  b,  the  air  would  be  drawn  fW)m  the 
end  of  this  line  to  fill  up  the  vacuum  at  a, 
uhI  a  oompensaUng  S.W.  currents  c  c,  esta- 
bliflhed.  This  S.W.  current  would  be  established 
partly  by  the  descent  of  die  overflowing  current 
^  0)  and  partly  by  the  rush  to  supply  the  air 
coQstantlv  drawn  off  to  feed  the  ascending  co- 
lamn. when  however  it  is  once  established, 
the  velocity  of  the  line  of  S.W.  current  nearest 
to  the  N.B.  would  probably  be  equal,  or  nearly 
»)  to  that  of  the  N.E.  current  itself. 

In  this  way  it  is  easv  to  conceive  that  a  complete  barometric  wave  may  be 
produced ;  the  lines  of  greatest  velocity  of  the  parallel  currents  will  indicate 
the  trough ;  the  rapidity  with  which  the  currents  pass  in  opposite  directions 
gready  diminishes  the  pressure,  and  according  to  this  view  somewhere  near 
the  direction  of  the  trough  and  to  the  S.W.  of  it,  we  ought  to  find  the  point 
of  greatest  rarefaction  i  the  velocity  decreases  on  each  side  this  trough, 
u)d  with  thia  decrease  of  velocity  the  pressure  increases,  so  that  we  have  a 

*  Id  attributing  the  greatest  force  to  the  N.E.  current,  t  do  not  by  any  means  wish  to  put 
forvan)  or  support  any  hypothesis  that  wotild  at  all  interrere  with  the  well-known  fkct,  that 
the  greatest  force  Is  usUAlly  manifested  by  S.  W.  winds.  The  point  to  which  I  wish  more  par* 
ticnWIy  to  tolieit  the  attention  of  th«  Association  is  this,  the  eatui  whhh  inducM  the  MttfA- 
^terljf  eurrtni  ii$elf.  This  must  reside  in  or  near  the  torrid  lone.  Here  we  have  a  suffi- 
cient cause ;  we  are  presented  with  phsnoniena  fully  adequate  to  explain  an  influx  oicool  air 
from  the  X.G.  This  is  the  current  that  must  first  be  established,  and  in  the  first  instance  its 
force  will  be  greattst.  We  have  however  only  to  turn  to  Prof.  Dove's  letter  to  Col.  Sabine 
(ReiKyrt,  1S45,  p.  61),  and  we  shall  at  once  find  the  reason  why  S.W.  winds  manift*st  by  means 
of  oar  Instriittenti  the  greatest  force.  The  N.E.  currents  are  narrower,  and  the  force  non 
o&o/Mas  they  pass  over  towards  the  S.E.;  while  on  the  otlier  hand  the  same  sution  is  not 
^^^7  fftewr,  hut  longer  in  the  S.W.  currents,  and  as  the  line  of  greatest  force  approaches,  the 
force  increases,  on  some  occasions  very  rapidly,  until  the  wind  changes.  The  line  of  greatest 
^'^'M  won  passes  the  station,  so  that  upon  a  mean  of  numerous  observations  the  south-westerly 
wind  aUbili  ths  ifVMlMf  fwcc. 
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distribution  of  pressare  of  a  toave  farm  gradually  rising  on  each  side  the 
trough,  the  pressure  being  dependent  on  the  velocity  of  the  parallel  currents. 

The  constant  ascent  of  air  at  the  point  of  rarefaction  would  continually 
draw  off  a  quantity  of  air  from  the  S.E.  side  of  the  line  of  greatest  velocity 
b  — by  fig.  3,  and  Uiis  would  be  attended  with  two  results ;  first,  there  would 
be  a  real  hollow  or  trough  formed  in  the  line  of  junction  of  the  parallel  cur- 
rents; and  secondly,  this  line  would  gradually  advance  towards  the  S.E.;  for 
as  more  air  would  be  drawn  off  from  that  side,  the  whole  body  of  air  would 
advance  in  that  direction  to  supply  the  deficiency ;  and  should  the  rarefying 
process  cease,  we  can  readily  conceive  that  not  only  will  the  wave-form  be 
continued,  but  also  wave-motion.  The  establishment  of  the  parallel  currents 
will  give  the  air-motion ;  the  diminution  of  pressure  towards  the  lines  of 
greatest  velocity  will  give  the  waveform ;  and  the  drawing-off  of  fur  from 
the  S.£.  will  induce  the  wave^motion.  The  wave  thus  generated  b  negative ; 
it  consists  of  a  hollow  produced  by  the  ascending  current  of  heated  air 
carrying  off  a  considerable  portion  of  air  set  in  motion  by  this  ascending 
column,  and  its  direction  of  motion  is  determined  by  more  air  being  drawn 
off  from  the  S.E.  slope  than  the  N.W. 

It  might  be  expected  that  as  the  trough  passed,  a  motion  of  the  air  or 
wind  from  the  N.W.  (the  body  of  air  moving  from  that  quarter  to  supply 
the  constant  drain  in  feeding  the  ascending  current)  would  be  observed ;  but 
so  strong  must  the  parallel  currents  be  which  give  rise  to  the  wave»  that 
such  motion  would  doubtless  be  concealed  by  them. 

The  barometric  and  anemonal  phsenomena  would  present  very  regular 
phases,  provided  there  was  only  one  system  of  waves^  one  set  of  parallel  and 
opposite  currents  constantly  passing  from  N.W.  to  S.£.    I  have  however  in 
former  reports  shown  that  different  systems  have  contemporaneously  traversed 
the  area  over  which  the  observations  have  extended,  and  the  discusaion  of 
Mr.  Brown's  observations  has  clearly  brought  to  light  a  set  of  parallel  and 
opposite  currents  at  right  angles  to  those  we  have  just  been  contemplating, 
namely,  from  N.W.  and  S.E.  with  a  wave-motion  towards  the  N.E.,  pro- 
ducing the  cross  waves  which  occasion  the  complexity  before  alluded  to. 
The  late  Professor  Daniell  has  remarked  that  the  curves  increase  in  range 
towards  the  N.W.,  and  in  general  the  neighbourhood  of  water  presents 
curves  remarkable  for  the  boldness  of  their  contour  and  the  large  extent  of 
their  range.    In  venturing  a  speculation  on  these  cross  waves  from  the  S.W. 
with  parallel  and  opposite  currents  from  N.W.  and  S.E.,  I  should  be  inclined 
to  attribute  them  to  the  effect  of  the  solar  influence  on  the  terrestrial  sur- 
face, extending  from  Cape  Verd  in  Africa  to  the  extreme  north  of  Lapland 
in  Europe.    This  surface  extends  from  S.W.  to  N.E.,  or  somewhat  in  that 
direction.    It  may  be  remarked,  that  to  the  norlh^ast  of  Cape  Verd  is  situ- 
ated the  Sahara  or  Great  Desert  of  Africa,  and  here  we  have  a  great  rarefy- 
ing surface.    To  the  north-west  or  west-north-west  of  this  extensive  rarefy- 
ing surface,  the  broadest  part  of  the  Atlantic  ocean  is  situated.    The  relative 
positions  of  the  Great  Desert  and  the  broadest  extent  of  the  Atlantic  will 
produce  a  great  indraught  of  cool  air  from  the  ocean ;  the  direction  of  this 
wind  will  be  W.N.W.  or  N.W.    To  the  north-east  of  this  current,  probably 
in  the  neighbourhood  of  Morocco,  Fez,  Algiers,  Spain  and  Portugal,  and 
the  north-west  portions  of  the  Mediterranean  sea,  we  ought  to  find  the 
counter  current  from  the  S.E.  or  E.S.E.,  the  two  portions  in  juxtaposition 
moving  with  the  greatest  velocity.     Somewhere  in  the  Atlantic  the  turning- 
point  of  these  oppositely  directed  currents  should  exist    The  line  of  junc- 
tion of  these  parallel  currents  will  determine  the  trough  of  the  wave»  and  as 
before  shown,  in  consequence  of  the  air  being  drawn  off  from  the  north-east 
to  supply  the  ascending  current,  the  wave  will  progress  towards  that  qaarler ; 
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the  baronieter  first  desceoding  with  the  S.E.  wind  as  the  trough  approaches 
stations  to  the  N.E.,  and  rising  with  the  N.W.  as  the  current  produced  by 
the  rarefaction  approaches,  until  the  crest  passes,  when  the  new  counter  cur- 
rent or  slope  of  Uie  next  wave  would  set  in  *. 

Pursmng  this  idea  further,  there  can  be  no  question  that  Ireland  and 
Scotland  become  points,  or  nnitedly  constitute  a  great  point  of  rarefaction, 
forming  as  they  do  the  nearest  land  to  the  northern  part  of  the  Atlantic,  the 
land  becoming  hotter  than  the  neighbouring  water,  and  in  consequence  a 
N.W.  current  with  its  compensating  current  from  the  S.E.  is  induced.  Not 
only  will  the  rapidity  of  the  currents  reduce  the  pressure,  but  the  ascending 
column  from  the  land  will  transfer  some  of  the  air  into  the  general  current 
of  the  atmosphere,  and  there  will  be  a  real  difference  in  the  distribution  of 
air  as  well  as  pressure  ;  a  section  transverse  to  the  line  of  greatest  velocity 
will  exhibit  a  hollow  or  trough,  and  the  same  phsenomena  will  result  from 
this  arrangement  of  the  aerial  currents  as  we  noticed  arising  from  the  N.E. 
and  S.W.  currents,  the  only  difference  being  in  direction. 

The  foUowing  marine  stations  are  admirably  suited  for  testing  the  views 
just  advanced,  and  tracing  a  wave  of  this  system  from  the  most  western 
point  of  Africa  to  the  north  of  Europe. 

Cape  Verd.  Lisbon.  Glasgow, 

Cape  Verd  Islands.  Oporto.  Inverness. 

The  Canaries  and  Madeiras.  Corunna.  The  Western  Isles. 

The  Azores  as  an  outlying  Brest  The  Orkneys. 

station.  The  Scilly  Islands.      The  ShetUind  Isles. 

A  station  in  Morocco  near  Cape  Clear.  Christiania. 

Cape  Cantin.  Limerick.  Coast  of  Norway  near 

Tangier.  Galway.  the  Arctic  Uirde. 

Gibraltar.  Markree.  Hammerfest  or  Alten. 

v/wOIZ. 

A  station  in  Iceland  as  an  outlier  would  be  very  valuable. 
The  foUowing  inland  stations  are  calculated  to  exhibit  the  influence  of  the 
land  in  modifying  the  waves  iu  their  progress  towards  the  N.E. 

St.  Petersburg.  Prague.  Venice.  Naples. 

Warsaw.  Vienna.  Rome.  Tunis. 

In  thus  considering  these  rectangularly  posited  systems  of  parallel  and 
opposite  currents,  many  complex  anemonal  and  barometric  phaenomena  re« 
odve  an  easy  explanation,  particularly  the  revolution  of  the  vane  in  one 
uniform  direction,  and  the  barometric  wind-rose.  When  the  conterminous 
edges  of  any  two  currents  pass  a  station,  the  barometer  is  either  at  a  maxi- 
mum or  minimum  with  respect  to  that  particular  system  of  currents ;  the 
wind  also  changes  at  thb  time.  If  the  barometer  has  previously  been  rising 
with  a  north-easterly  wind,  it  now  begins  to  fall  with  a  south-westerly :  the 
cross  currents  are  however  passing  at  this  time  with  a  lateral  motion  towards 
the  N.E. ;  in  this  set  of  cross  currents  the  barometer  will  rise  with  a  north- 
westerly wind  and  fall  with  a  south-easterly.  Suppose  while  the  posterior  slope 
of  a  N.W.  wave  transits,  wind  S.W.,  and  before  its  trough  passes,  the  trough  of 
the  cross  wave  from  the  S.W.  also  transits,  and  is  immediately  succeeded  by  the 
following  anterior  slope  with  its  N.W.  current,  the  wind  will  pass  from  S.W. 
to  W.  Now  while  this  slope  continues,  upon  the  trough  of  the  N.W.  system 
passing,  the  wind  changes  to  N.E.,  and  the  resultant  of  the  two  currents  is  N. 
It  is  easy  to  pursue  this  reasoning,  and  thus  trace  the  changes  of  the  wind 
arising  from  these  two  cross  systems  completely  round  the  compass. 

*  In  the  above  suggestion  I  have  considered  the  northern  portion  of  the  African  continent 
as  indiidng  the  N.W.  current,  but  of  course,  the  entire  surface,  as  far  as  the  extreme  north  of 
Eorope,  iiwloding  Great  Britain  and  Ireland,  will  act  as  a  rarefying  sur&ce. 
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The  two  systems  of  cross  currents  naturally  divide  themselves  into  four 
beds  of  opposite  currents,  namely,  N.E.  S.W.,  N.W.  S.E.;  Mrith  the  first  of 
each  system,  N.E.  N.W.,  the  barometer  rises,  and  with  the  last  of  each,  S.W. 
S.E.,  it  falls,  so  that  in  the  barometric  wind-rose  the  maximum  is  found 
about  the  N.E.,  the  prevailing  system,  and  the  minimum  near  the  S.W.,  the 
opposite  current  of  this  system. 

The  extent  of  arc  which  the  wind-vane  frequently  describes,  especially  in 
stormy  weather,  also  receives  an  explanation  from  these  systems  of  cross 
currents.  A  contemporaneous  S.W.  with  a  N.W.  wind  will  occasion  large 
arcs  to  be  described  between  these  points ;  the  south-westerly  gusts  preva^- 
Ing,  directing  the  vane  to  that  quarter ;  and  the  north-westerly  immediately 
following,  instantly  occasions  a  change  carrying  the  vane  towards  the  N.W. 
These  sudden  and  extensive  changes  are  rendered  more  dbtinctly  perceptible 
by  means  of  a  small  kite  flown  with  about  950  or  300  feet  of  string,  or  even 
more ;  the  distinctness  and  independence  of  the  direction  of  the  two  currents 
are  readily  seen,  as  well  as  the  difference  in  their  strength. 

Col.  Sabine  has  shown  in  his  Report  on  the  Meteorology  of  Toronto,  that 
the  intensity  of  the  wind  increases  as  the  temperature  increases.  The  con- 
sideration of  these  cross  currents  opens  up  to  us  another  mode  of  contem- 
plating the  force  of  the  wind.  It  appears  probable  that  the  force  diminishes 
on  each  side  the  line  of  greatest  velocity.  Now  in  order  to  obtain  the  true 
expression  of  this  force,  its  numerical  value,  it  will  be  important  to  correct 
the  results,  either  anemometric  or  those  obtained  by  estimation  for  the  daily 
period ;  this  will  give  the  value  of  the  force  of  the  currents  then  passing,  and 
will  in  a  great  measure  test  the  hypothesis. 

Section  II. 
Discussion  of  Mr,  Brown's  Observations. 

In  the  following  discussion  I  have  first  arranged  such  of  the  observations 
collected  by  Mr.  Brown,  or  deductions  from  them,  as  indicate  the  barometric 
pressure  about  the  middle  of  each  day  at  the  stations  before-named,  as  near 
as  the  data  furnished  by  that  gentleman  will  allow.  These  observations  or 
deductions  will  be  found  in  Table  V.  The  arrangement  is  such  that  the  eye 
may  readily  ascertain  the  barometric  state  of  the  atmosphere  at  any  station 
on  any  day  embraced  by  the  area  and  period  included  in  the  table.  The 
changes  at  any  one  station  are  also  readily  seen,  the  altitudes  above  SO 
inches  being  distinguished  from  those  between  29  and  30,  and  those  below 
29  also  being  distinguished  from  the  rest.  This  table  forms  the  basis  of  the 
following  deductions  which  have  been  thus  arrived  at  The  values  corre- 
sponding to  each  day  have  been  arranged  with  especial  reference  to  the 
maximum  and  minimum  of  that  day  in  space^  that  is,  the  station  exhibiting 
the  greatest  pressure  on  any  particular  day  has  generally  been  placed  first 
on  the  list  for  that  day ;  and  that  exhibiting  the  least,  last.  At  the  head  of 
each  list  are  placed  the  directions  of  the  crests  as  indicated  by  the  observa- 
tions. Crests  passing  from  N.W.  to  S.E.  are  distinguished  by  the  odd 
numbers,  and  those  passing  from  S.W.  to  N.E.  by  the  even.  When  the 
observations  give  two  slopes  from  a  crest  or  trough  passing  between  such 
slopes,  the  observations  have  been  arranged  to  exhibit  this.  After  the 
arrangement  of  the  observations,  the  lines  of  the  greatest  diminution  of 
pressure  corresponding  in  a  majority  of  cases  to  tranverse  sections  of  the 
waves,  and  exhibiting  either  their  anterior  or  posterior  slopes,  are  inserted. 
These  are  succeeded  by  the  direction  of  the  wind  on  each  side  of  the  crests 
as  given  in  Mr.  Brown  s  phites,  and  the  discussion  of  each  day's  observation 
is  concluded  by  a  few  e]q)lanatory  notes* 
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Tabls  V4*-^BaroiDetric  ObMnrations,  NoTember  1842. 


Statioiu 

In. 

1. 

8. 

3. 

4. 

5.      6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Orineyi     .    . 

MDIII  •     •     • 

Shields.    .    . 
Oonc*    •    •    > 
Bristol.    .    . 
Pljmoixtli  •    . 
Lonooii. 
Pirii     .    .    . 
|Chri8tiama.    . 

ao 
ao 

30 
30 
30 
30 
80 

ao 

S9 

•16 
•38 
•17 
•15 
•18 
-21 
•If 
•04 
•78 

-83 
•18 
•19 
•M 

Off 
•04 
•10 

•86 
-11 

-84 
•18 
•10 
•83 

•96 
•91 
-96 
•73 
31 

•49 
•45 
•34 
•16 
•14 
•15 
•13 
•80 
•37 

•58 

•33 
•38 
•80 
•22 
•18 
•75 
•27 

•« 
•« 
•35 
•30 

•24 
•16 
•83 
•21 

•15 
•43 

•27 
•33 
•18 
^ 

•13 

•89 
•02 

1 
•^ 

•04 

•97 

•01 

•07 
•13 
•08 

•90 
•67 

•80 
•41 
•28 
•42 
•60 
•72 
•70 
•76 
•37 

•39 

•57 
•58 
•80 
46 
•48 
'64 
•63 
•24 

•24 
•^ 

•99 
•91 
•OS 
•12 
OO 
•25 
•48 

•10 
•21 

•07 
•31 
•31 
•46 
•83 
•43 
•20 

•35 
•27 
;24 
•40 

•46 
•86 
•53 
•94 

Stttkm. 

In. 

14. 

•L« 

•91 
•88 
•60 
•65 
•88 

•ito 

•67 
•38 

15. 

16. 

ir. 

•35 
•51 
•45 
•31 
•36 
•36 
•36 
•99 
•94 

18.    19. 

20. 

21. 

22. 

23. 

1 
24. i  25. 

86. 

•10 
04 
•99 
•04 
•14 
•20 
•17 
•17 
•57 

i 

[Orkneys     . 

Belfast  . 

Shidds. 

Coik.    .    , 

Bristol  .    , 
1 
iPlymoutii  . 

, London .    , 

1 

Puis     .    . 

Christianin. 

1 

29 
S9 

d9 
99 

89 
29 
89 

89 

•01 
•82 
•^ 

•37 
•61 

•64 
•69 
•55 
•70 

•22 
•06 
•08 

•70 
•78 
•70 
•79 
•50 
•86 

•18 
•37 
•42 
•18 
•42 

•47 
•53 
•38 
•11 

•91 
•86 

'77 

~~~ 

•^ 
•98 
•14 
•06 
•17 
•91 

•96 
•91 
•85 

- 

•80 

•73 
•77 
•55 
•00 

•86 
•95 
•89 
-83 
•79 
•79 
•82 
;67 
•54 

•43 
•42 

•30 

•39 
•53 
•28 
•13 
•55 

•33 
32 
•27 
•10 
•26 
•30 
•59 
•41 
*68 

•10 
•79 
•78 
'54 
•79 
•91 
•92 
•^ 
•66 

•07 
•82 
•82 
•80 
•84 
•93 
•88 
•01 
'^% 

The  numbers  in  the  columns  immediately  succeeding  the  names  of  the  stations  indicate  the 
initial  inch  of  the  barometric  readings  of  the  1st  and  14th  of  November,  the  succeeding  num- 
bers are  decimals  of  an  inch.  Observations  above  30  inches  are  not  underlined.  Those  be- 
tween 29  and  30  inches  have  a  single  line  — ,  and  those  below  29  inches  a  double  line  =. 

November  1,  1842. 

Crest  No.  1. 
N.W. -S.E. 


S.W. 


Crest  No.  % 


N.E. 


ADterior  slope.  Crest  No.  1. 

Max.      Belfast    SO-33 

Shields  ....  30-17 

Orkneys 30-16 

Cbristiania . .   29*78 

Anterior  6lope«  Crest  No.  2. 
London.^....    30*17 
Paris 30-04 


Posterior  slope,  Crest  No.  1. 

Max.      Belfast  ....  30*33 

Bristol 30-18 

Plymouth..  30*21 
Cork 30-15 
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Slopes. — ^Lines  of  greatest  diminution  of  pressure. 
Anterior  slope.  Crest  No.  1,  Belfast  to  Christiania. ...   *5& 

>f  M         w  2,         yy  r^aris •    *29 

CWmfi<f.~Wind  on  N.E.  side  of  Crest  No.  1,  N.W. 

n       S.W.     „  y,        n        changing  to  S.E. 

A  decided  crest  or  line  of  maximum  pressure  passes  across  Ireland  and 
England  with  a  general  direction  N.W. — S.E.  The  stations  in  the  first 
column  are  N.E.  of  this  crest,  the  pressure  gradually  decreasing.  The  line 
of  greatest  diminution  is  Belfast  to  Christiania.  This  indicates  the  anterior 
slope  of  the  wave ;  altitude  from  Christiania  '55*  The  wind  along  the  slope 
is  N.W.  The  stations  in  the  second  column  are  S.W.  of  the  crest ;  at  these 
stations  the  pressure,  but  slightly  differs  from  the  maumum ;  the  wind  ap- 
pears to  be  changing  to  S.E.  in  the  S.W.  part  of  our  island ;  this  wind  is 
that  due  to  the  posterior  slope.  The  diminution  of  pressure  from  Belfast  to 
Paris  =  *29.  This  indicates  the  anterior  slope  of  a  wave  at  or  nearly  at 
right  angles  to  the  former.  At  two  stations  the  wind  is  N.E.,  that  of  the 
anterior  slope  of  this  system. 

November  %  1842. 

Crest  No.  1. 
N.W. S.E. 

Crest  No.  2. 
S.W. ^N.E. 

Anterior  slope.  Crest  No.  1.  Anterior  slope,  Crest  No.  2. 

Max.      Orkneys....   50*23              Max.      Orkneys  ..  3023 

Christiania..   SOU                            Shields....  S0-I9 

'  Belfast ....  30-18 

London    ..  30*10 

Bristol 30K)5 

Plymouth..  S0O4 

Cork 29-92 

Paris 29-86 

iSZopef.*— Lines  of  greatest  diminution  of  pressure. 

Anterior  slope.  Crest  No.  2,  Orkneys  to  Paris -S? 

Posterior  slope.  Crest  No.  I,        „  Cork -31 

CWrrai^y.— Wind  on  S.W.  side  of  Crest  No.  1,  mostly  S.E. 

„         S.E.      „  „  %  a  few   N.E. 

The  progression  of  the  crest,  which  was  so  distinctly  developed  on  the  1st 
towards  the  N.E.  and  the  succeeding  S.E.  current,  is  most  decided.  The 
altitudes  at  Belfast  and  Christiania  are  nearly  equal,  indicating  that  the  crest 
is  between  them.  The  wind,  with  but  few  exceptions,  is  S.E.  oyer  nearly 
the  whole  of  Great  Britain  and  Ireland,  while  at  Christiania  on  the  anterior 
slope  it  is  N.N.W.  The  posterior  slope  from  the  Orkneys  to  Cork  is  well- 
exhibited.    Altitude  from  Cork  to  Orkneys  =  -31. 

The  line  of  greatest  diminution  of  pressure  this  day,  Orkneys  to  Pkris, 
crosses  that  of  yesterday  nearly  at  right  angles ;  this  arises  from  the  advance 
of  the  anterior  slope  of  the  wave  (Crest  No.  2) ;  at  a  few  stations  the  wind 
is  N.E.  that  of  the  advancing  slope,  and  these  in  the  neighbourhood  of  a 
line  where  the  wind  appears  to  have  been  variable.  Altitude  from  Paris  to 
Orkneys  s  *37. 
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Great  No.  1. 
N.W. S.E. 

Crest  No.  2. 
S.W. N.E. 

Posterior  slope.  Crest  No.  1. 

Max.     Christiania..    SOSl                    Bristol    2d^ 

Orkneys SO^*                   Flymoiith   ..  29^1 

Belfast    ....    30-18                    Cork 29-83 

Shields  ....    30-10                    Paris 29-73 

London 29*96 

Slopem — Line  of  greatest  diminution  of  pressure. 
Posterior  slope,  Crest  No.  1,  Christiania  to  Paris -58 

CiMrrtnts^—Wiad  on  S.W.  side  of  Crest  No.  1,  S.£. 

n        S.E.      9,  n  2,  N.E.  towards  trough. 

n        N.E.     „  „  I,  N.W.  Christiania. 

The  crest  No.  1  is  now  approaching  Christiania.  The  observations  of 
day  offer  a  decided  contrast  to  those  of  the  1st ;  the  posterior  slope  of 
crest  No.  1  is  well-developed,  the  point  of  greatest  pressure  being  to  the 
Wit  of  Christiania :  the  point  of  least  pressure  is  still  Paris,  where  the 
barometer  has  been  falling  since  the  1st:  this  station  appears  to  be  near  the 
intersection  of  the  troughs  of  both  waves.  The  progress  of  the  maximum 
point  is  extremely  interesting.  On  the  Ist  we  find  it  at  Belfast,  on  the  2nd 
at  the  Orkneys,  and  on  the  3rd  at  Christiania ;  the  direction  of  the  progres- 
sioo  is  consequently  undoubted.  The  general  direction  of  the  wind  over 
Eoglaud,  Scotland  and  Ireland,  is  S.E. ;  that  due  to  the  posterior  slope,  at 
Pans  and  in  the  South-east  of  England,  the  wind  is  E.  and  N.E.,  the  anterior 
slope  of  crest  No.  2. 

November  4, 1842. 

Crest  No.  1. 
N.W. S.E. 

Crest  No.  2. 
S.W. N.E. 

Anterior  slope.  Crest  No.  2. 

Max.      Orkneys 30-49  Plymouth  ..  30-15 

Belfast    30-45  Bristol     ....  30-14 

Christiania . .  30-37  London  ....  30-13 

Shields    ....  30-34  Paris 29-80 

Cork 30-16 

Slope* — ^Line  of  greatest  diminution  of  pressure. 

Anterior  slope.  Crest  No.  2,  Orkneys  to  Paris *69 

CwrrmUs. — Wind  on  S.W.  side  of  Crest  No.  1,  S.E.  at  a  few  stations. 

The  anterior  slope  of  crest  No.  2  is  well-developed,  and  the  evidence  of 
its  extending  over  the  whole  of  the  Britbh  islands  extremely  strong ;  abo  the 
establishment  of  its  proper  wind  N.E. ;  a  few  stations  exhibit  the  S.E.  wind 
tt  the  posterior  slope  of  crest  No.  1  is  passing  off.  The  line  of  the  greatest 
diminution  of  pressure  is  identical  with  that  of  the  2nd,  namely,  Orkneys  to 
l^aris,  but  it  is  nearly  doubled  in  value,  being  now  equal  to  *69,  showing 
that  the  greatest  curvature  is  approaching. 

The  crest  No.  1  appears  now  to  be  over  Christiania,  or  a  little  to  the  east  of  it. 
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November  5,  1842. 

Crest  No.  1. 
N.W. S.E. 

Crest  No.  2. 
S.W. N.E. 

Max.    Belfast S0'551 

Orkneys S052  > Probable  direction  of  Crest  No.  2. 

Cork S0"32j 

Shields 80-3S1 


Chrisdania....    80^7 
Plymouth  ....  80^ 

Bristol    30^ 

London......    30*12 

Paris 29-75  J 


Anterior  slope  of  Crest  No.  2. 


Slope^^JAne  of  greatest  diminution  of  pressure. 

Anterior  slope*  Crest  No.  2,  Belfast  to  Paris. . . .    *80. 

Currents^-^Wind  on  S.E.  side  of  Crest  No.  %  N.E. 

The  anterior  slope  of  crest  No.  2t  extending  from  Cork,  Belfast  and  the 
Orkneys  to  Paris,  is  welMevetoped.  Belfast  is  the  highest  point,  Paris  the 
lowest.  Altitude  from  Paris  '80.  The  posterior  slope  of  crest  No.  1  is  now 
scarcely  perceptible.  The  wind  is  that  due  to  the  anterior  slope  of  crest 
No.  2.  The  following  table  will  show  the  gradual  approach  of  the  anterior 
slope  of  this  ware.    Paris  the  lowest  point : — 

Btlfwt  to  Paris. 

November  1 -29 

„        2 -32 

„        8 "45 

„        4 *65 

November  6i  1842* 

Crest  No.  2. 
S.W. N.E. 

Anterior  slope,  Crest  No.  2. 

Max.    Belfast 30-51  Plymouth  . .  80^4 

Orkneys....  80-46  Christiania. .  80-21 

Shields  ....  30*86  London  , . . .  80*16 

Cork 80-80  Paris 29*88 

iSZtpew— Line  of  greatest  diminution  of  pressure.  * 

Anterior  slope,  Crest  No.  2,  Bdfast  to  Paris. .  . .  *6S. 

Currenit^ — Wind,  with  but  few  exceptions,  N.E.,  anterior  slope  of  Crest 
No.  2. 

Nearly  the  same  state  of  the  barometer  is  maintained  over  the  area  as  on 
the  5th,  with  neariy  similar  winds.    The  anterior  slope  of  crest  No.  2  is  still 
,  strikingly  developed.    The  greatest  curvature  has  passed  with  a  very  slight 
ffM  at  BelCMt  and  a  very  slight  rise  at  Paris. 
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November  7,  1842. 

Crest  No.  2. 
S.W. N.E. 

Creftt  No.  3. 
N.W. S.E. 

Crest  No.  2.  Posterior  slope.  Crest  No.  2. 

Max.    Belfast 30-43  Max.    Belfast....  30-43 

Cork   30-33  Orkneys  . .   30-15 

Shields    ..    30-27 
Plymouth     30-241 

Bristol 30-18 

London   . .   30*13  ^Anterior  slope,  Crest  No.  2. 
Christiania    30K)2  | 

Paris 29-89J 

Slope, — ^Line  of  greatest  diminution  of  pressure. 

Anterior  slope,  Crest  No.  2,  Belfast  to  Paris *54. 

CWfTwito— Wind  on  S.E.  side  of  Crest  No.  2,  N.E. 

*'  I  'l^^P®  ^'  ^^'^  wave. 

The  crest  No.  2  a^  sow  passed  the  Orkneys,  wjiich  exhibits  a  falling 
buometer  and  the  S.W.  wind.  The  trough  between  crests  1  and  3  is  now 
to  the  N.E.  of  Belfast  and  Paris ;  the  higher  readings  in  the  south-west  part 
of  the  area,  with  the  lower  in  the  north-east,  clearly  indicate  the  advancing 
Ulterior  slope  of  the  new  wave.  Diminution  of  pressure  from  Belfast  to 
Christiania,  -41. 

/  November  8,  1842. 

Crest  No.  2. 
S.W. : N.E. 

Crest  No.  3. 

N.W. S.E. 

Anterior  slope,  Crest  No.  2.  Posterior  slope,  Crest  No.  2. 

Max.    Plymouth..    30-13  Max.    Plymouth..    30-13 

London    . .  ^008  Cork 30O1 

Bristol....    30-07 
Paris    ....   29-90 

Anterior  slope  of  Crest  No.  3. 

London 30-08  Christiania 29-67 

Belfast 3004  Orkneys 29-63 

Shields 29*97 

Line  of  greatest  diminution  of  pressure.    Plymouth  to  Orkneys  . .  •SO 

Currents. — ^Wind  on  S.E.  side  of  Crest  No.  2,  N.E. 

N.W.  „  2,  S.W. 

N.E.  „  3,  N.W. 

The  crest  No.  2  appears  on  this  day  to  pass  from  Plymouth  towards  Bris- 
^  a&d  London.  The  direction  of  the  line  of  greatest  diminution  of  pres- 
%JB  varies  considerably  from  that  of  the  three  preceding  days ;  this  partly 
^f^ses  from  the  great  fall  which  commenced  on  this  day  at  the  northern  sta« 
"008)  Orkneys,  Belfast  and  Christiania ;  and  from  the  anterior  slope  of  the 
wa?e  (crest  No.  3).  The  direction  of  the  wind  is  closely  in  accordance  with 
crest  No.  2,  passing  in  the  direction  from  Plymouth  towards  London,  being 
S'W.  on  the  north-west  side  of  the  crest. 
1846.  L 
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Anterior  slope,  Greet  No.  2. 
The  wave  (crest  No.  2),  with  its  front  towards  the  south-east,  has  heen 
very  distinctly  developed  during  the  preceding  days.  The  altitude  of  the 
crest  appears  to  have  subsided  as  the  wave  progressed ;  the  highest  reading 
at  Belfast  was  30*55  on  the  5th,  at  London  8016  on  the  6th,  and  at  Paris 
29'90  on  the  8th.  The  following  tables  exhibit  the  features  of  the  anterior 
slope.  Table  VI.  shows  the  barometric  rise  and  fall  at  stations  arranged 
more  or  less  with  regard  to  a  line  cutting  the  crest  of  the  wave  transversely. 
The  depressing  influence  of  the  wave,  crest  No.  1,  is  clearly  seen  at  London 
and  Paris  on  the  5th.  Tables  VIL,  VIII.  and  IX.  exhibit  the  depression  of 
the  south-easterly  stations  below  those  to  the  north-west  of  them  while  the 
anterior  slope  passed. 

Table  VI* — Barometric  difl^erences  arising  from  Anterior  and  Posterior 

Slopes  of  Crest  No.  2. 


Epodi. 

BdCut. 

BristoL 

Not.  2 

«    8 

„    4 

"    ? 

»»        • 

H     8 

-15 

•00 

-flO 

.     --04 

--08 

-•39 

-13 
--09 
+•18 
+•06 

-01? 
-11 

LondoQ. 


Pnu. 


-•07 
-14 
+•17 
-•01 
+•04 
-03 
-•06 


-18 
-18 

+•07 
-•05 
+•08 
+•06 
+•01 


TablbVII>— Barometric  differences  arising  from  Anterior  Slope  of  Crest  No.2. 


Epoch. 

Belfut. 

London. 

London. 

± 

Nov.l 

«    3 

„    4 
„    6 
„    6 

M     7 

»    8 

30-33 
•18 
•18 
•45 
•55 
•51 
•43 

3fHH 

3017 

•10 

29-96 

30-13 

■  -12 

•16 

•13 

30-08 

—16 
-08 
-•22 
--32 
-•43 
-•35 
--30 
+-04 

Table  VIIL 


Epoch. 

London. 

PuU. 

PuU. 

Nov.l 

,.  a 

.    3 

..    4 
..    6 
«    6 

..    7 
„    8 

30-17 

-10  ' 
29-96 
30-13 

-12 

•16 

•13 

30-04 

29-86 

•73 

•80 

75 

-83 

•89 

29-90 

-13 
-•24 
--23 
—33 
—37 
-•33 
-•24 
-18 

Table  IX. 


Bel^t. 

Pam. 

Fwii. 

Npv.I 

„   6 

,,  1 

„    8 

30-33 
•18 
•18 
•45 
•55 
•51 
•43 

3004 

30-04 
29-86 
•73 
•80 
•75 
•83 
•89 
29-90 

--29 
--32 
-•45 
-•65 
-•80 
-•68 
-•54 
-14 
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S.W, 


November  9,  1842. 
Crest  No.  2. 


N.E. 


Max. 


Paris  . . . . 
Plymouth 
London . , 
Bristol 
Cork  . 


•  •  •  • 


Posterior  sbpe.  Crest  No.  2. 

.   29^6  Belfast  ....  29-41 

,   29-72  Christiania. .  29-37 

.   29-70  Shields  ....  29-28 

29-60  Orkneys...  •  28^80 

29-42 


Slope. — ^Line  of  the  greatest  diminution  of  pressure.  Paris  to  Orkneys,  *96 

CurrenL — ^Wind  on  N.W.  side  of  crest,  S.W.,  fully  established. 

The  posterior  slope  of  crest  No.  2  now  comes  into  full  view,  stretching 
^m  Paris  to  the  north-west  coasts  of  Ireland  and  Scotland,  with  its  proper 
wiDd  S.W.  The  altitude  of  this  slope  from  the  Orkneys  to  Paris  is  '96. 
The  greatest  altitude  of  the  anterior  slope,  from  Paris  to  Belfast,  was  •SO. 
It  wiU  be  seen  that  the  greatest  oscillation  has  been  in  the  north-west,  Paris 
exhibiting  but  a  very  sUght  oscillation,  '17,  while  that  at  the  Orkneys  has 
amounted  to  1*72- 

The  following  table  exhibits  the  fall  of  the  barometer  on  the  8th  and  9th : 

Table  X^ — ^Fall  of  Barometer,  November  8  and  9, 1842. 


Stataon. 

November  8.        Narember  fl. 

Orkneys 

ChriBtiaDis. 

Belfast 

•52 
'35 
•39 
•30 
•32 
•11 
•11 
•05 
-h-01 

•83 
•30 
•63 
•69 
•59 
•47 
•41 
•38 
•14 

Shields 

Cork 

Bristol 

Plymouth 

London 

Paris 

From  these  numbers  we  learn  that  the  greatest  barometric  fall,  as  well  as 
the  greatest  oscillation,  occurred  in  the  N.W.  The  fall  gradually  decreases 
as  we  approach  the  S.E. 

It  appears  to  me  that  the  difference  of  oscillation  at  two  stations,  as  the 
Orkneys  and  Paris,  may  be  thus  explained.  The  curves  in  the  north-west 
of  Ireland,  as  determined  by  the  discussion  of  Sir  John  HerscheVs  hourly- 
observations,  are  remarkable  for  boldness  and  freedom  of  contour  and  great 
fange  of  fluctuation.  The  late  Professor  Daniell  found,  from  an  examina- 
tion of  the  Manheim  observations,  that  the  range  increased  towards  the  north- 
vest,  and  that  the  greatest  oscillation  occurred  in  the  neighbourhood  of  water. 
Now  a  wave  generated  in  any  way  and  approaching  the  continent  of  Europe 
from  the  north-west,  would  most  probably  impinge  on  it  with  a  high  and  in 


lome  cases  acuminated  crest 


the  crest  would  gradually  subside 


but  as  it  passed  onward 


,  so  that  at  sta- 


tions  considerably  to  the  south-east  the  fluctuations  would  be  very  much 
kss  than  at  or  near  its  point  of  genesis.     Again,  a  negative  wave,  with  a 

deep  trough  also  approaching  from  the  north-west       ^v      y/        ,  would 


present  large  fluctuations  as  it  impinged  on  the  land ;  but  after  passing  on- 

l2 
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wards,  the  opposite  to  subsidence  would  take  place ;  the  depth  of  trough 
would  decrease  ---^.^^^^^^ ,  and  the  oscillations  to  the  south-east 

would  also  decrease.    Such  pheenomena  appear  to  be  presented  by  the  ob- 
servations from  the  5th  to  the  10th  of  November  1842. 

November  10,  1842. 
Crest  No.  2. 

S.W. N.E. 

Crest  No.  3. 

N.W. S.E. 

Max.    London 29^1 

Paris 29-63  I  vt  s,  vt     o 

Shields 29-58  f  ^^^^  ^^«^*  ^o.  3. 

Belfast 29-57  J 

Plymouth ....   29*48 1 

Bristol 29-46  >  Under  posterior  slope,  No.  S« 

Cork 29-20  J 

Orkneys   ....   29*39 1 -t  j         *    •       i        xt    « 
Christiania   ..  29.24  )  Under  anterior  slope,  No.  3. 

Slope^-^JAne  of  greatest  diminution  of  pressure  on  posterior  slope  of 

Crest  No.  2.    London  to  Cork -44. 

Altitude  of  anterior  slope,  Crest  No.  3.     Christiania  to  London  . .    *40. 

Altitude  of  posterior  slope,  Crest  No.  3.     Cork  to  Belfast '37. 

Currents. — Wind  on  N.E.  side  of  Crest  No.  3,  N.W. 

„*       posterior  slope  of  Crest  No.  2,  S.W. 
„        anterior  slope  of  Crest  No.  4,  N.E. 
Trough  succeeding  Crest  No.  2  now  transits  Christiania. 

The  direction  of  the  crest  No.  3  is  nearly  identical  with  that  of  No.  1, 
which  passed  Great  Britain  and  Ireland  on  the  1st.  This  appears  to  suggest 
that  they  were  either  successive  crests  of  the  same  system  of  waves,  or  were 
succeeding  waves  produced  by  the  same  disturbing  causes.  The  altitude  of 
crest  No.  3  is  about  half  an  inch  less  than  that  of  crest  No.  1 ;  but  between 
the  transits  of  the  two  crests  a  wave  from  the  N.W.  with  a  deep  posterior 
trough  has  passed  the  area,  which  has  probably  depressed  crest  No.  3.  The 
interval  between  the  crests  Nos.  1  and  3  is  equal  to  nine  days. 

It  was  noticed  in  the  remarks  on  the  9th,  that  the  great  difference  in  the 
oscillation  at  the  Orkneys  and  Paris  most  probably  resulted  from  the  sub- 
sidence of  the  crest  as  it  progressed.  The  crest  No.  3  came  from  the  S.W., 
so  that  a  line  from  Plymouth  to  Christiania  would  cut  it  more  or  less  trans- 
versely ;  the  ranges  however  are  nearly  the  same  at  both  stations.  The  crest 
which  traversed  England  on  the  1st  arrived  at  Christiania  on  the  4th ;  at  this 
time  the  barometer  had  commenced  rising  at  Plymouth  from  the  anterior 
slope  of  crest  No.  2,  and  it  continued  rising  until  the  7th,  when  the  crest 
paned.  At  Christiania  the  barometer  had  fallen  from  the  posterior  slope  of 
crest  No.  2.  It  appears  from  a  careful  comparison  and  consideration  of  the 
barometric  movements  at  Plymouth  and  Christiania,  that  crest  No.  2  passed 
Chri!»tiania  about  a  day  earlier  than  it  did  Plymouth,  that  is,  the  longitudiual 
direction  of  the  crest  was  such  as  to  cause  it  to  pass  over  Christiania  while 
Plymouth  was  still  under  the  anterior  slope  of  the  wave,  the  sections  passing 
over  Christiania  and  Plymouth  being  separate  and  distinct.  The  character 
of  the  passing  wave  is  well-determined  at  both  stations,  the  posterior  slope 
exhibiting  a  rapid  and  deep  fall,  which  took  place  alike  at  Christiania  and 
Plymouth. 
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The  crest  No.  2  pa«ed  Cork,  Belfast  and  the  Orkneys  on  the  5th,  Ply- 
moath  on  the  7th,  and  P^uris  on  the  8th,  with  a  diminution  of  oscillation. 
We  find  however  no  diminotion  of  oscillation  at  Christiania  as  compared  with 
Plymouth.  It  is  highly  probable,  the  subsidence  of  the  crest,  as  it  proceeded 
towards  Pkuris,  resulted  from  the  influence  of  the  land  in  England,  while  both 
at  Pljmouth  and  Christiania  the  crest  was  but  slightly  interfered  with  by 
the  influence  of  land,  the  difierence  of  level  resulting  from  the  anterior  slope 
of  crest  No.  S. 

These  considerations  exhibit  a  large  wave  of  considerable  breadth  and  slow 
motion,  extending  in  a  longitudinal  direction  from  the  extreme  south-west  of 
England  towards  the  Swedish  capitaL 

Nov.  10. — ^Mr.  Brown's  diagram  for  this  day  very  distinctly  and  beautifully 
exhibits  the  change  of  currents  resulting  from  the  transit  of  crest  No.  S,  as 
veil  as  from  the  progress  of  the  posterior  trough  of  crest  No.  2.  The  trough 
of  the  latter  wave  is  now  between  the  Orkneys  and  Paris  (the  deep  trough 
before  mentioned),  the  wind  in  the  south-eastern  portion  of  the  diagram  is 
S.\V^  the  strengtii  increasing  towards  the  trough.  At  Thurso  and  North 
Shields  the  wind  is  N.W.,  the  anterior  slope  of  crest  No.  3 ;  in  the  south- 
vest  of  Ireland,  the  wind  is  S.E.  (posterior  slope).  The  N.£.  wind  on  the 
anterior  slope  of  the  wave  succeeding  crest  No.  2  is  seen  on  the  north-west 
side  of  the  trough. 

November  11,  1842. 

Crest  No.  2. 
S.W. V.E. 

Crest  No.  3. 
N.W. S.E. 

Max.    Christiania 29*48      Crest  No.  3. 

L^don '    . . . . . . .    29^  }  ^°*^®'  posterior  slope  of  Crest  No.  2. 

Shields 28-99»J      trough.  Crest  No.  2. 

Cork    28*91 1    Posterior  trough.  Crest  No.  3. 

^  ,-   .  ocwv>    fUnder  anterior  slope  of  wave  succeed- 

^V^^' r^.  <      ing  Crest  No.  2  and  posterior  slope 


of  Crest  No.  3. 


y  Under  posterior  slope.  No.  3* 


Orkneys 29*24 

Max.    Christiania 29*48 

Orkneys 29*24 

Belfast 29-02 

Shields 28*99 

Cork    28*91 

London    29-00 

Paris    29*25 

Sr!^. . : : : : : :  Sil  >^'^''  p*-**™'  •'^p*'  ^o.  2. 

Cork   28-91 

SZojpef^— Lines  of  greatest  diminution  of  pressure. 

On  posterior  slope  of  Crest  No.  3.   Christiania  to  Cork. .   *57 

On  posterior  slope  of  Crest  No  2.   Paris  to  Cork ,   '34 

CWmnlf;— Wind  on  N.W.  side  of  Crest  No.  2,  S.W. 

„         S.W.         „        „         3,  S.E. 

*  Depressed  by  poaterior  troagh  of  Creit  No.  2. 
t  Depressed  by  posterior  trough  of  Crest  No.  3. 
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The  progreffiive  motion  of  the  two  posterior  dopes  is  very  discernible. 
Crest  No.  3  has  passed  the  Orkneys  and  arrived  at  Christiania  seven  days 
after  crest  No.  1  passed  that  station.  We  found  an  interval  between  the 
crests  as  they  passed  the  central  parts  of  England  of  nine  days.  Most  pro- 
bably a  discussion  of  observations  at  shorter  intervals  and  more  numerous 
stations,  especially  to  the  north-east  of  Christiania,  would  explain  the  dis- 
crepancy. The  difference  in  level  is  very  much  greater  than  that  which  cha- 
racterized the  transits  of  the  crests  over  the  centre  of  England,  but  in  the 
interval  between  the  crests  passing  England  and  Sweden,  the  deep  trough  of 
crest  No.  "2  has  advanced,  which  must  very  considerably  have  depressed  the 
crest  at  Christiania,  as  compared  with  the  English  stations ;  indeed  so  great 
was  the  depressing  influence  of  the  wave,  crest  No.  2,  that  no  rise  is  recorded 
as  crest  No.  S  passed  Plymouth. 

Crest  No.  2  is  situated  considerably  to  the  south-east  of  Paris,  so  that  its 
progress  is  not  perceptible  on  the  area ;  but  that  of  its  pK)sterior  slope  is  very 
clear.  On  the  9th,  the  deep  posterior  trough  of  this  wave  passed  the  Orkneys 
with  a  depression  of  28*80 ;  (bearing  in  mind  that  its  direction  was  S.W. — N.E.) 
another  section  passed  Christiania  on  the  10th,  29*24 ;  and  a  third  passed 
Plymouth  on  the  11th,  29*12. 

Sytnmetriccd  Wave, — On  this  day  the  great  symmetrical  wave  commenced 
at  London ;  the  position  of  this  station  was  nearly  similar  under  both  slopes* 

November  12,  1842. 

Crest  No.  3. 
N.W. S.E. 

Crest  No.  5. 
N.W. S.E. 

Christiania 29*20*1 

Orkneys 29*10  VUnder  posterior  slope.  No.  S* 

Min.    Shields 29-07J 

Trough. 

Belfast 29-21"} 

Cork    29*31 

LSSSn*:::;::::  g^J  launder  anterior  slope,No.5. 

Paris    29*43 

Max.    Plymouth    29*46_ 

Slopes* — Lines  of  greatest  diminution  of  pressure. 

On  posterior  slope  of  Crest  No.  3.     Christiania  to  Shields.  •   *1S 

On  anterior  slope  of  Crest  No.  5.    Plymouth  to  Shields. ..  •   *39 

Currents. — Wind  on  S.W.  side  of  trough,  N.W. 

A  few  stations  exhibit  a  S.W.  wind  on  the  posterior  slope  of  Crest  No.  2. 

The  receding  posterior  slope  of  crest  No  3,  the  intervening  trough,  and 
the  approaching  anterior  slope  of  crest  No.  5,  are  brought  fully  into  view 
this  day ;  the  wind  also  is  in  close  accordance  with  the  transit  of  these  waves. 
The  wave  (crest  No.  3)  appears  to  be  much  smaller  than  that  of  No.  1 ;  the 
interval  between  the  crests,  as  passing  the  centre  of  England,  was  found  to 
be  nine  days ;  the  epoch  of  the  passage  of  the  intervening  trough  occurred 
on  November  7  ;  interval  between  the  troughs  five  days,  taking  the  last  in- 
terval as  the  amplitude  in  time  of  the  wave ;  it  is  clearly  much  smaller  than 
the  preceding. 

Symmetrical  Wave. — London  is  situated  under  and  rising  from  the  ante- 
rior slope  of  wave  No.  5. 


ON  ATM08PHSRIG  WAVES.  151 

November  13, 1842. 

Crest  No.  2. 
S.W. N.E. 

Crest  No.  5. 
N.W. S.E. 

Anterior  slope.  Crest  No.  5. 

Max.    Paris 29-53  London 29*26 

Plymouth  . .  29*46  Shields 29^ 

Cork 29-40  Orkneys    29-35 

Belfast    ....  29*27  Christiania    . .  28-94 

Slcpe. — ^Line  of  greatest  diminution  of  pressure. 
Anterior  slope.  Crest  No.  5.    Paris  to  Christiania. .   -59. 
Trough  succeeding  Crest  No.  2.    Between  Paris  and  Orkneys. 
Trough  between  Crests  Nos.  3  and  5  now  transits  Christiania. 
Currents, — Wind  on  S.E.  side  of  trough  No.  2,  S.W. 

»  W.W.  ),  yf  yy  yy         M.lll. 

The  anterior  slope  of  crest  No.  5,  the  third  wave  of  the  S.W.  system,  is 
▼ell-developed ;  but  the  prevailing  winds  are  those  due  to  the  S.E.  and  N.W. 
sides  of  the  trough  succeeding  crest  No.  2. 

It  appears  from  a  consideration  of  the  continuation  of  the  tables  appended 
to  Nov.  8,  that  one  or  two  small  waves  rode  in  the  trough  succeeding  crest 
No.  2,  which  entered  on  the  area  on  the  9th,  and  most  probably  traversed  it 
daring  the  next  four  days,  presenting  the  same  slowness  of  motion  as  the 
crest  itself. 

Symmetrical  FFcive^— London  is  situated  under  the  anterior  slope  of  crest 
No.  5  and  the  posterior  slope  of  crest  No.  2,  and  falling  either  from  the  latter 
slope  or  the  posterior  slope  of  one  of  the  small  waves  riding  in  the  deep 
trough. 

November  14»  1842. 

Crest  No.  5. 
N.W. S.E. 

Crest  No.  4. 
S.W. N.E. 

Mai:,    Belfast 29-9n 

Shields 29-82  VNear  the  Crest  No.  5. 

London 29-80J 

chStunia. : ; ; ; :  SS }  "°^^'"  ^^™'  ^^^p^'  ^^-  ^• 

Plymouth 29-681 

Briiltoi ' ; ; ; : ; ' ;  .*  29-65  r  ^^^^^  p^^"^"*  ^^^p^'  ^^-  ^• 

Cork 29-60 J 

Shpe^—JAne  of  greatest  diminution  of  pressure. 
Anterior  slope.  Crest  No.  5.     Belfast  to  Christiania. .   '56, 
Cwrrents.-^Wind  on  advancing  slope  of  Crest  No.  4,  N.E. 
„  N.E.  side  „        „         5,  N.W. 

M  O.W.  „  „  „  5,    O.Jli. 

The  crest  No.  5  now  passes  over  Great  Britain  and  Ireland  much  in  the 
^nte  direction  as  the  crests  Nos.  1  and  3  (compare  Nov.  1  and  10).    Its 
dititade  is  about  -25  higher  than  that  of  the  last  S.W.  crest ;  the  adva^^ 
^ope  of  the  second  N.W.  wave  has  approached,  raising  the  present  cr 


• 
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Symmetrical  Wave. — The  crest  No.  5  forms  the  second  subordinate  inaxi- 
mum  on  the  anterior  slope  of  the  great  symmetrical  wave  (see  plate  2  ap- 
pended to  Sir  J.  HerscheFs  Report,  1843,  and  plate  3,  illustrating  the  volume 
of  Reports,  1845).  The  first  strongly  developed  rise  and  fall  on  the  anterior 
slope  of  the  symmetrical  wave  appears  to  be  a  small  wave  riding  in  the 
trough  (A*). 

It  appears  highly  probable'  that  the  large  wave  from  the  N.W.  possessed 
both  a  broad  crest  and  broad  trough,  with  a  very  slow  progressive  motion. 
The  anterior  slope  of  crest  No.  4  appears  to  have  commenced  riding  over 
Christiania  on  the  10th. 

November  15,  1842. 

Crest  No.  5. 
N.W. S.E. 

Crest  No.  4. 
S.W. N.E. 

Anterior  slope.  Crest  No.  5.  Posterior  slope,  Crest  No.  5. 

Max.    Orkneys....   SO-Ol  Max.  Orkneys....   30O1 

Christiania..   29-70  Shields 29-83 

Belfast 29-82 

Plymouth  . .    29^4 
London ....  29*62 

Bristol 29-61 

Paris 29-55 

Cork 29-37 

Slope. — Line  of  the  greatest  diminution  of  pressure. 

Posterior  slope,  Crest  No.  5.    Orkneys  to  Cork. .   -64 

Currents. — Wind  on  anterior  slope  of  Crest  No.  4,  N.E. 

„       posterior        „         „         5,  S.E. 
The  southern  coasts  of  England  exhibit  a  S.W.  wind. 
The  proeression  of  the  crest  No.  5  in  the  same  direction  as  crest  No.  I 
(see  Nov.  2),  is  very  discernible ;  there  can  be  no  doubt  of  its  being  a  wave 
of  the  same  system. 

Symmetrical  Wave. — The  barometer  at  London  has  fallen  from  the  poa* 
terior  slope  of  No.  5,  bat  the  anterior  slope  of  No.  4  is  gently  raising  it 

November  16,  1842. 

Crest  No.  5. 
N.W. S.E. 

Crest  No.  4. 
S.W. ^N.E. 

Anterior  slope,  Crest  No.  5  ?  Anterior  slope,  Crest  No.  4. 

Max.    Orkneys....   30*22  Max.    Orkneys....    30-22 

Christiania..   29*86  Belfast  ....   30O6 

Shields  ....   30O3 

London 29*79 

Bristol 29*78 

Plymouth  . .   29*70 

Cork 29-70 

Paris 29*50 

Slope, — Line  of  greatest  diminution  of  pressure. 
Anterior  slope,  Crest  No.  4.    Orkneys  to  Paris. .   '72 
Currents. — The  winds  this  day  appear  to  be  those  due  to  the  anterior  slope 
'*   -'*fli;  No.  4,  or  resultants  of  that  and  the  posterior  slope  of  crest  No.  5. 


ON  ATM08PHSBIC  WAVES.  153 

The  posterior  slope  of  crest  No.  5  is  well  and  strikingly  developedi  and  the 
idnadng  slope  of  crest  No.  4,  the  succeeding  wave  to  that  of  No.  2»  is  in- 
dicated by  the  line  of  greatest  pressure,  Orkneys  to  Paris,  *72  (see  Nov.  ?, 
vlieo  the  first  wave  from  the  N.W.  was  coming  up). 

Symmetrical  Wave. — London  is  situated  under  the  posterior  slope  of  crest 
No.  5  and  anterior  slope  of  crest  No.  4,  and  slightly  rising  from  the  latter. 

November  17,  1842. 

Crest  No.  7. 
N.W. S.E. 

Crest  No.  4. 
S.W. N.E. 

Anterior  slope,  Crest  No.  4.  Anterior  slope,  Crest  No.  7. 

Max.    Belfast    3051  Max.    Belfast 30*51 

Shields 3045  Orkneys. . . .    30*35 

Bristol    30-36  Christiania. .  29*94 

Plymouth  , .  30*36  Posterior  slope.  Crest  No.  7. 

London  ....  30*36  Max.    Belfast 30*51 

Paris 29*99  Cork 30*31 

Slopes. — ^Lines  of  greatest  diminution  of  pressure. 

Belfast  to  Paris *52 

Belfast  to  Christiania    . .    *57 
Currents. — Wind  on  anterior  slope  of  Crest  No.  4,  N.E. 

„     posterior  „  „        „    7»  S.E. 

lo  the  south-west  of  Ireland  and  England  the  wind  is  easterly,  being  the  re« 
soltant  of  these  forces. 

The  anterior  slope  of  crest  No.  4,  extending  from  Belfast  to  Paris,  is  wdl- 
devdoped  with  its  proper  wind  N.E.  This  anterior  slope  may  be  advantage- 
ooslj  compared  with  the  anterior  slope  of  crest  No.  %  which  occupied  the 
»ame  area  on  the  5th  (interval  twelve  days).  The  altitude  on  that  occasion 
from  Paris  to  Belfast  was  equal  to  *80,  on  the  present  it  is  only  equal  to  *52. 
This  may  to  a  certain  extent  be  explained  by  the  presence  of  crest  No.  7* 
vhich  this  day  passes  over  Belfast,  so  that  this  crest  elevates  the  anterior 
slope  of  No.  4.  The  anterior  slope  of  crest  No.  7  is  well-developed  towards 
the  Orkneys  and  Christiania,  and  the  diminution  of  pressure  resulting  from 
the  posterior  slope  is  conspicuous  at  Cork ;  we  have  consequently  two  crests 
traversing  the  area  and  crossing  each  other  at  Belfast 
Crest  No.  4  passes  the  Orkneys,  Belfast,  Shields  and  Cork  this  day. 
Symmetrical  Wave. — ^London  is  situated  nearly  under  the  crest  of  No.  7 
uid  uuder  the  anterior  slope  of  crest  No.  4,  and  rising  from  the  latter. 

November  18,  1842. 

Crest  No.  7. 

N.W. -S.E- 

Crest  No.  4. 
S.W.- N.E. 

TratisU  of  the  Crest  of  the  Great  Symmetrical  Wave. 

Anterior  slope.  Crest  No.  4.  Crest  No.  4. 

Max.    London  ....   30*53  Max.    London  ....   30*53 

Paris 80-38  Plymouth  . .   30*47 

Bristol   30*42 

Shields 30*42 

Christiania.  •   30*11 
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Posterior  slope.  Crest  No.  4.  Anterior  slope^  Crest  No.  7- 

Max.  London 30*53  Max.    London 30*53 

Shields....   30-42  Christiania . .    30-11 

Belfast  ....    30-37 

Cork     30-18 

Orlmeys    ..    30-18 

Slopes, — ^Lines  of  greatest  diminution  of  pressure. 

Posterior  slope,  Crest  No.  4.  London  to  Cork *35 

99  ,9        9)      99     4.     99  Orkueys '35 

Anterior  slope,  Crest  No.  1.      „  Christiania. .    -42 

Currents. — Wind  on  posterior  slope  of  Crest  No.  4,  S.W. 
A  few  S.E.  directions  indicating  the  posterior  slope  of  Crest  No.  7« 
The  crest  No.  4  has  advanced  with  considerable  rapidity  as  compared  with 
No.  2.    It  now  passes  London.    The  depressions  to  Cork  and  the  Orkneys 
are  equal ;  these  lines  are  on  the  posterior  slope;  the  crest  No.  7  rises  between 
the  stations.    This  crest  appears  to  have  a  very  slow  motion ;  its  anterior  slope 
is  well-seen  in  the  diminution  of  pressure  from  London  to  Christiania, = -42. 
Crests  Nos.  4  and  7  cross  at  London. 

Symmetrical  Wave. — The  crest  passes  over  London ;  it  is  identical  with 
the  crest  No.  4. 

November  19, 1842. 

Crest  No.  7. 
N.W. S.E. 

Crest  No.  9. 
N.W. S.E. 

Crest  No.  4. 
S.W. N.E. 

^•^    S^outi"  .\'  SlI}  u»d^^  "^*^^^^ 

SStol"  :: ::  SSW^Jer  t^^^^^  •l^P^  crest  No.  9,  at  a 
Cork 29-92  J      ^^'^^^  ^^^^*- 

Min.    SI  ::;:   g:??|  Near  the  trough  between  9  and  7. 

cSani;::   HI }  under  posterior  sbpe,  crest  no.  7. 

Slopes^— lAne  of  greatest  diminution  of  pressure. 

Paris  to  Shields ....   -40 
Currents. — ^Wind  on  posterior  slope,  No.  4,  S.W. 

99  »  99  99        7,   O.E. 

Symmetrical  Wave^ — ^London  is  situated  under  the  posterior  slope  of  crest 
No.  4  and  anterior  slope  of  crest  No.  9>  not  far  removed  from  the  preceding 
trough. 

The  crest  No.  4  has  now  passed  considerably  to  the  S.E.  of  Paris,  which 
exhibits  the  greatest  pressure ;  the  posterior  slope  extends  in  the  direction  to- 
wards Belfast,  although  Shields  is  the  minimum  point.  The  trough  between 
crests  7  and  9  passes  somewhat  near  Belfast  and  Shields. 


ON  AT1C08PHSRIC  WAVES.  155 

November  20,  1843. 

Crett  No.  9. 

N.W.^ S.E. 

Crest  No.  6. 

S.W. N.E. 

Anterior  slope,  Crest  No.  6.  Anterior  slope,  Crest  No.  9. 

Max.    Orkneys 29^  Max.    Orkneys 29^ 

Belfast  ....   29^1  Christiania. .   29^ 

Cork 29-80 

Shields 29-85 

London  . , . ,  29-77 
Plymouth  ..  29-73 
Paris 29-55 

Slope. — Line  of  greatest  diminution  of  pressure. 
Anterior  slope.  Crest  No.  6.    Orkneys  to  Paris  . .   '41 
Currents. — Wind  on  anterior  slope  of  Crest  No.  6,  N.E. 

„         posterior   „  »       »»   9,  S.£.  and  E. 

The  observations  of  this  day,  both  barometric  and  anemonal,  indicate  the 
presence  of  an  anterior  slope  of  a  wave  succeeding  crest  No.  4  of  the  N.W. 
system.  Crest  No.  9  now  passes  over  the  Orkneys  and  between  Chrbtiania 
and  Paris. 

Symmetrical  Wave^  itoo  days  after  transit. — L<mdon  is  situated  under  the 
anterior  slope  of  crest  No.  6  and  posterior  slope  of  crest  No.  9« 

On  the  16th,  two  days  before  transit,  London  was  similarly  situated  with 
respect  to  waves  Nos.  4  and  5,  with  nearly  the  same  barometric  pressure. 

On  the  ISth  a  permanent  rise  took  place  at  London,  which  continued  until 
crest  No.  4  passed  the  station.  It  appears  that  this  should  be  carefully  distin- 
goifihed  from  the  rise  and  fall  of  the  16th  to  10th,  the  latter  being  due  to 
a  separate  and  distinct  wave. 

Ilie  curve  from  noon  of  the  16th  to  midnight  of  the  19th  appears  to  re- 
present the  form  of  the  N.W.  wave  riding  on  the  top  or  superposed  on  the 
normal  or  great  symmetrical  wave. 

November  21, 1842. 

Crest  No.  11. 

N.W. S.E. 

Crest  No.  6. 
S.W. N.E. 

Crest  No.  11. 

Max.    Belfast  ....  29-95 1  ^      ^ 

Shields  ....  29-89  /  ^^  ^^  ^®**' 

Max.    Belfast 29-951 

Orkneys. . .  •  29*86  >  Under  anterior  slope. 

Min.     Christiania. .  29-54  J 

Belfast 29-95 1  jr.  .    .      , 

Cork 29-83  /  ^"^^^"^  posterior  slope. 

Crest  No.  6. 

Max.    Belfast  ....  29-951 

Cork 29-83 

Shields 29-89 

Bristol   29-79 

Plymouth  ..  29-79 

London 29*82 

Min.    Paris 29-57  J 


Max. 


All  under  the  anterior  slope  at 
different  levels. 
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Slopes. — ^Lines  of  greatest  diminution  of  pressure. 
Anterior  slope  of  Crest  No.  11.    Belfast  to  Christiania  . .   *41* 

Anterior  slope  of  Crest  No.  6.     Belfast  to  Paris *88 

Currents. — Wind  on  anterior  slope  of  Crest  No.    6,  N.E. 

,9  posterior    »,  ,,       >>   11^  E.S.E. 

Another  S.W.  wave  now  transits  the  area,  and  the  crest  of  No.  6  is  rapidly 
approaching. 

Symmetrical  Wavet  three  days  after  transit. — ^London  is  situated  under  the 
anterior  slope  of  No.  6  and  posterior  slope  of  No.  ll^  and  slightly  rising  from 
the  former. 

On  the  15th,  three  days  before  transit,  London  was  similarly  situated  with 
respect  to  waves  5  and  4. 

November  9%  1842. 

Crest  No.  11. 
N.W. S.E. 

Crest  No.  13. 
N.W. ^S.E. 

Crest  No.  6. 
S.W. N.E. 

Max.    Cork 29*58 

Belfast    29-42 

Orkneys  ....  29-43  ^u  ^^der  the  anterior  slope  of 

Plymouth   ..  29*53  crest  No.  6.   The  trough  between 

Bristol    29*39  No.  11  and  13  is  seen  at  Belfast 

Shields    ....  29*30  and  Shields,  the  stations  being  ar- 

Christiania  . .  29*55  ranged  to  exhibit  this. 

London  ....  29-28 
Paris  29*13 

Slopes. — Lines  of  greatest  diminution  of  pressure. 

Anterior  slope,  Crest  No.  6.     Cork  to  Paris *45 

Posterior  slope,  Crest  No.  9.     Christiania  to  Paris. .   -42 

Currents. — ^Wind  on  S.W.  side  of  trough  between  crests  11  and  13,  N.W. 

A  few  S.W.  directions  as  Crest  No.  6  passes. 

The  anterior  slope  of  crest  No.  6  is  still  strikingly  developed  from  Cork  to 
Paris ;  the  trough  between  crests  1 1  and  13  extends  in  the  direction  of  Belfast 
and  Shields. 

Symmetrical  Wdve,fimr  days  cfter  transiL — London  is  situated  under  the 
anterior  slopes  of  crests  Nos.  6  and  13,  The  barometer  has  fallen  from  the 
posterior  slope  of  crest  No.  11. 

November  23,  1842. 

Crest  No.  13. 
N.W. S.E. 

Crest  No.  6. 

S.W. N.E. 

Max.    Christiania..    29*62 

P^riJ"^"  '. '. .'  *    mi }  "'^^^^  anterior  slope,  Crest  No.  6. 

*  From  a  compariton  of  the  St.  Petersburg  obsenratioos,  it  appears  that  wave,  crest  No.  11, 
was  a  small  wave,  and  that  the  diminotion  of  pressure,  Belfast  to  Christiania,  was  compounded 
^r  *k*  interior  slopes  of  crests  9  and  1 1,  that  of  11  being  very  small.    See  Postscript. 
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•Under  posterior  slope,  Crest  No.  6. 


Under  posterior  slope,  Crest  No.  6, 
at  a  lower  level. 


London  ....  29*59' 

Pljoionth  ..  29*30 

Bristol    29-26 

Shields   ....  29*27 

Cork 29-10' 

Belfast    29*82 

Orkneys ....  29*8» 

Slopes* — Klines  of  greatest  diminution  of  pressure.^ 

Posterior  slope  of  Crest  No.  13.    Cliristiania  to  Cork. ...    *52 

Posterior  slope  of  Crest,  No.  6.    London  to  Cork *49 

A  trough  between  crests  No.  13  and  15  extends  in  the  direction  of  Cork 
sod  Bristol*. 
Ormn^v^— Wind  on  S.W.  side  of  this  trough,  N.W. 

N.W.    ,.        Crest  No.  6,  S.W. 


i» 


9> 


Crest  No.  6,  the  third  of  the  N.W.  system,  now  passes  London  five  days 
after  the  transit  of  crest  No.  4,  the  second  of  this  system.  Christiania  at  this 
time  exhibits  the  greatest  pressure;  most  probably  the  crest  No.  13  is  ap- 
proaching this  station,  and  this,  combined  with  crest  No.  6,  produces  the  in- 
creased pressure.  At  the  transit  of  crest  No.  4  Christiania  exhibited  the 
least  pressure ;  the  difference  may  probably  be  explained  by  the  transits  of  the 
cross  waves. 

Symmetrical  Wave. — ^London  is  situated  under  the  crest  of  No.  6,  not  far 
removed  from  the  trough,  between  crests  13  and  15. 


November  24,  1842. 
Crest  No.  13. 


N.WV 


Crest  No.  6. 


S.W, 


.S.£. 

-N.E. 


Max. 


m  All  except  Christiania  under  posterior 
^     slope  of  Crest  No.  6. 


Max. 


Christiania..  29*66 

Paris 29-02 

London  ....  28*92 

Plymouth  ..  28-91 

Bristol    ....  28-79 

Shields  ....  28*78 

Cork 28-54 

Belfast 28*79 

Orkneys. . . .  29*10^ 

Christiania..  29*661 

Orkneys....  29-10  I 

Belfast  ....  28*79  \  Under  posterior  slope.  No.  13. 

Shields  ....  28*78  f 

Cork 28*54  J 

London. ...  28*92 

*  The  barometric  fall  between  the  2l8t  and  23rd,  that  occurred  at  all  the  stations  except 
one,  appears  to  have  given  rise  to  an  apparent  regression  of  the  trough  observed  in  the  neigh- 
bourhood of  Belfast  and  Shields  on  the  22nd.  It  was  shown  that  on  the  22nd  the  anterior 
slope  of  crest  No.  6  was  coming  up  from  the  N.W.,  so  that  the  fall  of  the  21st  resulted  from 
the  posterior  slope  of  crest  No.  0.  On  the  23rd  the  crest  No.  6  passes  London,  and  we  have 
at  some  stations  a  much  more  sudden  fall  than  resulted  from  the  passage  of  the  posterior  slope 
of  crest  No.  9.  We  may  therefore  regard  the  trough  in  the  direction  of  Cork  and  Bristol  as 
an  indication  of  the  approaching  trough  of  crest  No.  6,  rather  than  a  new  trough  between  13 
and  15.  Should  this  view  be  correct,  the  line  of  greatest  diminution  of  pressure,  Christiania 
to  Cork,  will  be  on  the  posterior  slope  of  crest  No.  9. 
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Under  posterior  slope,  No.  6. 


Paris 29K)21 

Plymouth  ..  28*91 

Bristol    28-79 

Cork 28-54. 

Slopes* — Lines  of  greatest  diminution  of  pressure. 

Christiania  to  Cork. . . .    1*12.     Slope,  No.  IS. 

Jr ans  ,,      „    .  • . ,      *4fo.         „         „     o. 

Currents* — ^Wind  on  posterior  slope  of  Crest  No.  6,  S.W. 

£ast  in  the  north  of  Scotland  and  the  Orkneys. 

The  progressive  motions  of  the  two  slopes  are  well-seen  from  the  observa- 
tions of  this  day,  which  may  be  very  advantageously  compared  with  those  of 
the  lltb,  when  the  movements  were  similar;  crest  No.  13  has  advanced  to 
Christiania  with  the  succeeding  trough ;  crest  No.  6  has  advanced  to  or  be- 
yond Paris. 

Symmetrical  Waive, — London  is  situated  under  the  posterior  slope  of  crest 
No.  6,  not  far  removed  from  and  to  the  S.W.  of  the  posterior  trough  of 
crest  No.  13. 

November  25,  1842. 

Crest  No.  13. 
N.W. S.E. 


S.W.. 


Crest  No.  6. 


-N.E. 


Max.    Christiania..   29*62' 


Paris  . . . 
London . 
Plymouth 
Bristol   . 
Shields  . 
Cork  . .  . 
Belfast    . 
Orkneys. 
Max.    Christiania. 
Orkneys. 
Belfast    . 
Shields  . 
Cork  ... 
London . 
Paris 
Plymouth 
Bristol 
Cork  . 


\     Most  probablv  all  under  the  posterior 
^slope  of  Crest  No.  6. 


• .  > .  • . 


• . .  • 


29-01 

28-88 

28-93 

28-84 

28-82 

28-80 

28-82 

2907 

29-62* 

29-07 

28-82  ^Under  posterior  slope,  No.  13. 

28-82 

28-80J 

28-88 

29-on 

28*93  I 

I  >Under  posterior  slope,  No.  6. 


28*84 
28-80j 

Slope* — Lines  of  greatest  diminution  of  pressure. 

Posterior  slope,  No.  13.     Christiania  to  Cork. ,    *82 
Posterior  slope.  No.  6.      Paris  to  Cork -21 

Currents* — Wind  on  posterior  slope  of  Crest  No.    6,  S.W. 

„  „  „  „       „     13,  o«ri.o. 

„         anterior      „  „      „     15,  N.W. 

The  barometric  state  of  the  atmosphere  much  the  same  as  yesterday ;  the 
greatest  difference  occurs  at  Cork,  most  probably  from  the  advancing  slope 
of  the  wave,  crest  No.  15.  The  wind  b  closely  in  accordance  with  the  wave 
slopi 
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N.W. 


November  26, 1842. 
Crest  No.  13. 


S.E. 


Crest  No.  6. 


S.W. 


•N.E. 


N.W. 


Crest  No.  15. 


S.E. 


Max. 
Min. 


Cbristiania . .   29*57 1  tt«^  *    •       i        xt     i  o 

Orkneys.. .,   29-10/  "°^^""  P^*^"^'  '^^P^'  ^^-  ^^• 


Shields 28-99    Trough. 

Belfast 29-04"] 

Cork 29-64 


Bristol    . , 
London . . 

Paris 

Plymouth 
Paris  . . . , 
London  . 
Bristol   ., 
Belfast 
Cork  . 


*14  I 

.,  -  >Under  anterior  slope^  No.  15. 


29-14 
29 
29^17 
29-20 


•  • . . 


29-17 

29-17 

29-14  )>  Under  posterior  slope.  No.  6. 

2904 

2904J 

Slopes* — ^Lines  of  greatest  diminution  of  pressure* 

Posterior  slope,  No.  13.    Christiania  to  Shields    ..    *58 

n  ,»       M     6.    Paris  to  Cork '13 

Anterior     ,,       ,»    15.    Plymouth  to  Belfast  ....   -16 

Current$. — ^Wind  on  posterior  slope  of  Crest  No.  6,  S.W. 

M  »  W  »9  »     15f    W.W. 

The  advance  of  the  anterior  slope  of  crest  No.  15  is  well-seen  from  the 
observations  of  this  day.  The  wind  proper  to  it,  N.W.,  has  increased  in  the 
S.W.  portion  of  the  area.  It  appears  that  the  motion  of  the  waves — crests 
Nos.  13  and  15  with  the  included  trough — is  slower  than  that  of  the  waves, 
crests  Nos.  3  and  5  (see  Nov.  1 1  and  12).  The  same  arrangement  of  stations 
as  to  the  distribution  of  pressure  which  required  only  one  day  to  establish 
in  the  case  of  waves  3  and  5,  has  occupied  two  days  in  the  case  of  waves  13 
and  15.  The  distribution  of  pressure  was  similar  on  the  11th  and  24th ;  it 
vas  also  similar  on  the  12th  and  26th. 


Section  III. 

Results  of  the  foregoing  Discussion* 

In  collecting  the  results  of  this  discussion,  I  have  arranged  in  Tables  XL  and 
XII.  the  principal  lines  of  diminution  of  pressure ;  the  succession  of  waves 
as  well  as  the  distinct  systems  become  very  apparent  from  these  tables.  The 
succeeding  Tables  XIII.  and  XIV.  exhibit  the  principal  features  of  the  respective 
waves  of  each  system.  The  most  prominent  result  appears  to  be  the  con- 
finnation  of  Prof.  Dove's  suggestion  of  parallel  and  oppositely  directed  cur- 
rents. The  diagrams  of  the  wind  in  connection  with  the  barometric  obser- 
vations clearly  exhibit  such  currents,  and  we  see  by  a  glance  at  Tables  XIII. 
and  XIV.  that  the  beds  of  these  currents  varied  considerably  in  breadth.  At 
the  opening  of  the  observations  they  were  very  much  broader  than  at  the 
close,  and  the  N.W.  system  Cwaves  No.  2,  4,  6)  were  altogether  larger  than 
the  S.W.    We  have  in  fact  two  systems  of  waves  or  currents  crossing  each 
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other  at  right  angles,  the  individuals  in  both  gradually  decreasing  in  size.  In 
the  speculation  which  has  been  ventured  relative  to  the  S.W.  system,  the 
mass  of  terrestrial  surface  forming  the  N.W.  boundary  of  the  great  eastern 
continent  has  been  assumed  as  the  rarefying  surface,  producing  the  set  of 
parallel  and  oppositely  directed  S.E.  and  N.W.  winds,  the  currents  gradually 
shifting  towards  the  N.E.  The  gradual  contraction  of  the  beds  of  each 
system  as  the  observations  proceed  is  a  highly  interesting  feature,  which  re- 
quires a  more  extensive  discussion  for  its  elucidation. 

Table  XI. — Exhibiting  the  principal  lines  of  the  greatest  diminution  of 
pressure  of  the  N.W.  system  of  waves,  Nos.  2, 4,  and  6. 


Epochi. 

Directtoni. 

Vahw. 

Slopes. 

Nov.    1 

2 

4 

5 

6 

7 

9 

10 

11 

16 

17 

18 

18 

20 

21 

22 

24 

25 

26 

Belfut  to  Paris  

•29 

•87 
•69 
•80 
•68 
•54 
•96 
•44 
•34 
•72 
•52 
•35 
•35 
•41 
•38 
•45 
•48 
•21 

Anterior,  No.  2 
2 
2 
2 
2 
2 

Posterior,  No.  2 
2 
2 

Anterior,  No.  4 
4 

Posterior,  No.  4 
4 

Anterior,  No.  6 
6 
6 

Posterior,  No.  6 
6 

OricneTi  to  Paris.... 

Orkneys  to  Paris 

Belfast  to  Paris  

Belfast  to  Paris  

Belfrst  to  Paris  

Paris  to  Orknevs 

London  to  Cork 

Paris  to  Cork 

Orkneys  to  Paris 

Belfut  to  Paris 

London  to  Cork  • 

London  to  Orkneys 

Orkneys  to  Paris 

Belfttst  to  Paris  

Cork  to  Paris 

Paris  to  Cork 

Paris  to  Cork 

Paris  to  Cork 

•13                                 6    1 

1 

Tablb  XII. — Exhibiting  the  principal  lines  of  the  greatest  diminution  of 
pressure  of  the  S.W.  system  of  waves,  Nos.  1,  3,  5,  7,  9, 11,  13,  15. 


Epochi. 

Direetioiu. 

Values. 

Slopes. 

Nov.    1 

Belfast  to  Christiania ... 

•55 

Anterior,  Nok  1 

3 

Christiania  to  Paris 

•58 

Posterior,  No.  1 

11 

Christiania  to  Cork 

•57 

3 

12 

Christiania  to  Shields... 

•13 

3 

12 

Plymouth  to  Shields  ... 

•39 

Anterior,  No.  5 

13 

Paris  to  Christiania 

•59 

5 

14 

Belfut  to  Christiania... 

•56 

5 

15 

Orkneys  to  Cork 

•64 

Posterior,  No.  5 
Anterior,  No.  7 

17 

Belfast  to  Christiania ... 

•57 

18 

London  to  Christiania... 

•42 

7 

21 

Belfisst  to  Christiania... 

•41 

Anterior,  No.  11 

23 

Christiania  to  Cork 

•52 

Posterior,  No.  13 

24 

Christiania  to  Cork 

112 

13 
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Table  XIII.— Exhibiting  the  principal  features  of  the  wayes  of  the  N.W. 

system  Nos.  2y  4»  and  6. 

Wave  No.  2. 


Not.    1 

3 

4 
5 
6 
7 
8 
9 
9 
10 

11 
11 


Grata 

Crest. 

Crest. 

Crest. 

Crest. 

Crest. 

Crest. 

Crest. 

Crest. 
Post  Trough. 
Post  Trough. 

Crest. 
Post  TroQgh. 


N.W.  of  the  United  Kingdom  

N.W.  of  the  United  Kingdom  

N.W.  of  the  United  Kii^om  

N.W.  of  the  United  Kingdom  

From  Cork  to  the  Orkneys    

S.E.  of  BeUut    

S.E.  of  the  OriEneys  

Passes  Plymouth 

S.£.  of  Paris   

Passes  the  Orkneys 

Near  the  eastern  coast  of  Ireland 

extending  to  Christiania 

Considerably  S.E.  of  Paris 

Passes  Plymouth 


Altitudci. 


30*49+ 

ao-65 

d0-51+ 

90-43+ 
30*13 

99-90+ 
98-80 

99-94 

99-19 


Windfc 


Anterior 
Slope. 


N.E. 
N.E. 
N.E. 
N.E. 
N.E. 
N.E. 


Slopo. 


S.W. 
S.W. 

s.w. 

S.W. 
S.W. 


Wave  No.  4. 


Nov.  17 
18 
19 


Crest. 
Crest. 
Crest. 


Passes  Belfast 

Passes  London    

Considerably  S.E.  of  Pans. 


80-51 
30-53 


N.E.  E 
N.E. 


S.W. 


Wave  No.  6. 


Nov.  21 

23 
24 


Crest. 
Crest. 
Crest. 
Crest. 


N.W.  of  Belfast  and  Cork 

Near  Cork,  Belfast  and  Orkneys. 

Passes  London    

Near  to  or  S.E.  of  Paris 


99-58 
99-59 


N.E. 


S.W. 
S.W. 


Table  XIV. — Exhibiting  the  principal  features  of  the  waves  of  the  S.W. 

system  Nos.  1,  3,  5,  7»  9,  11,  and  13. 

Wave  No.  1. 


Nov. 


1 
2 
3 
7 


Crest. 

Crest. 

Crest. 

Post.  Trough. 


DiicetioDi  snd  Locslitiei. 


Belfast  to  Paris  

Between  Belfast  and  Christiania 

W.  or  S.W.  of  Christiania 

N.E.  of  Belfast  and  Paris  


Aititudci. 


30-33 

30-93+ 

30-31+ 


Windi. 


Anterior 
Slope. 


N.W. 
N.N.W. 

N.W. 


Posterior 
Slope. 


S.E. 
S.E. 
S.E. 


Wave  No.  3. 


Nov.    7 

8 

10 

11 

19 


Ant.  Trough.  N.E.  of  Belfast  and  Paris  ... 

Crest.  jS.W.  of  Belfast  and  London 

Crest.  iBelfaat  to  Paris  

Crest  I  Near  Christiania 

Poet.  Trough.  Between  Belfsst  and  Shields 


99*64 
99-48 


N.W. 
N.W. 


S.E. 
S.E. 


1846. 


M 
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Table  XIV.  (canHnued). 
Wave  No.  5. 

EpodiB. 

Fhues. 

Diiectioiii  and  Loealidet. 

1 

Altitudei. 

Wbdi. 

Anterior 
Slope. 

Posterior 
Slope. 

Not.  12 
13 
14 
15 
16 

Ant.  Trough. 
Crest. 
Crest. 
Crest. 
Crest. 

Between  Bdfast  and  Shields 

29*91 
30-01 

N.W. 

S.E. 
S.E. 

S.W.  of  Cork,  Plymouth  and  Paris... 

Passes  the  Orknevs 

Between  Orkneys  and  Christiania... 

E.»» 

Wave  No.  7. 

Nov.  17 
18 
19 

Creit. 

Crest. 
Post.  Trough. 

Passes  Belfast 

30*51 

S.E.  E.^ 
S.E. 

Between  Cork  and  the  Oricneys 

Near  Belfast  and  Shields  

1 

Wave  No.  9- 

Nov.  19 
20 

Ant.  Trough* 
Crest 

Near  Belfi^t  and  Shields  

29-96 

S.E. 

Passes  the  Orknevs 

Wave  No.  11. 

Nov.  21 
22 

Orest. 
Post.  Trough. 

Near  Belfast  and  Shields   

29-95 

N.W. 

S.E.  E.* 

Near  Belfast  and  Shields  

Wave  No.  13. 

Nov.  23 

Crest. 
Post.  Trough. 

S.W.  of  Christiania 

29-62 

Coric  to  Bristol   

^  Resultants  of  N.E.  and  S.E.  currents. 

Part  III. — Desiderata. 

In  addition  to  briefly  reviewing  the  progreis  made  in  this  inquiry,  it  may 
be  well  to  glance  at  the  desiderata  that  now  present  themselves  to  our  notice. 
The  object  of  this  report,  in  connection  with  the  preceding  ones,  has  been  to 
show  that  we  have  observed  on  some  occasions  the  successive  returns  of  ex- 
tensive barometric  undulations,  that  these  undulations  have  exhibited  a  certain 
physiognomy,  and  that  we  have  been  able  to  recognize  and  characterize  them ; 
that  when  these  undulations  have  been  observed  at  various  and  distant 
stations,  and  the  observations  carefully  reduced  and  compared,  they  have  been 
resolved  into  separate  and  distinct  waves  of  pressure,  each  having  an  advan- 
cing front,  a  crest  extending  in  a  certain  direction,  a  receding  posterior  slope, 
and  bounded  by  an  anterior  and  a  posterior  trough.    It  is  the  object  of  the 
second  part  of  this  report  particularly  to  show  that  these  characteristic 
features  of  a  wave  are  intimately  connected  with  a  certain  arrangement  of 
the  aerial  currents  first  suggested  by  Prof.  Dove,  consisting  of  horizontal 
and  parallel  beds  of  oppositely  directed  winds.    In  his  letter  to  CoL  Sabine, 
the  Professor  speaks  or  these  currents  as  northerly  and  southerly,  the  mean 
direction  beine  converted  into  south-westerly  in  the  northern  hemisphere  by 
the  rotation  of  the  earth.     The  examination  of  Mr.  Brown's  data  has  clearly 
developed  a  set  of  parallel  and  opposite  currents  at  right  angles  to  tbeee 
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Oiody,  from  N.W.  and  S.E. ;  and  it  hat  been  suggested  that  these  two  sets 
of  oppositely  direotedcurrentSyN.E. — S.W.  andN.W. — S.E^  oontinuallj  cross- 
log  each  other,  occasion  the  complexity  of  the  barometric  and  anemometiic 
phsnoniena,  and  that  in  future  discussions  these  should  be  particularly  taken 
into  scoonnL    Should  the  yiews  thus  advanced  be  substantiated,  we  are 
beginning  to  unrarel  some  of  the  complicated  problems  of  meteorological 
Kiearch :  still  much  remains  to  be  done ;  we  are  as  yet  only  on  the  thresh- 
Md  of  the  vast  meteorological  arena  now  opening  upon  us.  llie  subject,  over- 
whelming with  interest,  naturally  divides  itself  into  two  branches.    Fint,  the 
determination  of  thepheues  of  the  larger  undulations,~the  barometric  curves 
whish  include  eompleie  elevations  and  depressions  of  the  barometer,  and 
whieh  represent,  and  are  exponents  of,  the  effects  resulting  fromcontemporane- 
ooa  transits  of  waves  or  systems  of  waves  such  as  have  been  previously 
notioed.  These,  with  the  snialler  secondary  waves  superposed  on  their  slopesi 
form  the  ^fpe$  of  the  various  seasons  of  the  year.    Secoiul,  the  absolute  extent 
of  each  normal  wave  of  each  system  in  space,  as  it  exists  with  the  smaller 
•uperposed  waves  riding  on  its  slopes.    The  direction  of  its  crest,  its  am- 
plitude in  miles,  the  altitude  of  iti  crest  above,  and  the  depression  of  its 
froughs  below  the  surface  of  general  repose  of  the  atmosphere,  the  place  of 
its  fonnatioD,  the  manner  in  which  it  is  propagated,  the  precise  direction  and 
extent  of  its  motion,  the  force  with  which  it  is  translated  from  place  to  place* 
and  the  locality  of  its  final  extinction,  are  questions  which  the  present  state 
of  our  knowledge  is  inadequate  to  resolve. 

These  desiderata  regarding  the  waves  as  resulting  from  parallel  and  op- 
pontely  directed  currentB,  may  be  thus  expressed.  Tlie  absolute  extent,  both 
tt  regards  length  and  breadth  of  each  current  with  that  of  its  counter  and 
oppositely  directed  current,  together  forming  the  two  slopes  of  the  wave 
with  its  included  trough ;  the  points  or  lines  of  intersection  of  the  two  systems 
of  parallel  and  oppositely  directed  currents;  the  precise  direction  of  the 
oonterminous  edges  of  the  currents,  the  lines  in  which  the  velocity  of  the 
^liod  is  greatest  answering  to  the  included  trough;  the  amount  of  the  dimi- 
nntiott  of  pressure  resulting  from  this  velocity  below  the  mean  pressure  of 
the  atmosphere ;  the  locality  of  the  formation  of  these  currents ;  the  direction 
in  which  they  advance  with  a  lateral  motion ;  the  force  with  which  they  are 
tnuiilated  by  means  of  such  lateral  motion  from  place  to  place,  and  the 
locality  of  their  final  extinction  or  disappearance. 

Witii  respect  to  the  first  branch  of  inquiry,  the  phases  of  the  larger  un- 
dulations, the  seasonal  barometric  tj^teSf  but  Uttle  has  yet  been  done  towards 
its  accomplishment.  There  is  some  hope,  as  mentioned  in  the  foregoing  re- 
Qttrks,  that  we  have  obtained  the  type  of  fourteen  days  in  November  for  one 
locality  onfy ;  and  we  have  also  a  glimpse  of  the  character  of  the  movements 
daring  a  portion  of  October.  This  is  however  very  small  compared  with 
^  extent  of  the  problem.  At  the  utmost  it  will  only  amount  to  the  twelfth 
partof  the  annual  type;  even  the  24>th  cannot  yet  be  said  to  be  fully  established. 
Again,  the  station  of  observation  is  to  be  taken  into  account;  were  the 
entire  year*a  observations  for  one  station  projected,  and  year  after  year  such 
observations  compared,  we  should  only  have  the  annual  type  at  thai  station. 
The  examination  of  the  symmetrical  wave  of  1842  has  already  shown  that 
tbere  is  a  line  of  greatest  symmetry  as  fau*  as  that  wave  is  concerned,  namely 
Dublin,  Birmingham,  Brussels  and  Munich ;  and  the  discussion  of  the  equi- 
noctial and  solstitial  observations,  18S5  to  1838,  has  clearly  established 
Brussels  as  a  nodal  point,  and  we  find  it  situated  on  this  line  of  greatest 
symmetry.  At  very  short  distances  N.E.  and  S.W.  of  the  line  of  greatest 
symmetry  of  1842,  the  symmetry  is  departed  from.  On  the  return  of  the 
Sitat  wave  in  the  autumn  of  1845,  the  line  of  greatest  symmetry  appears  to 
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have  been  confined  to  the  southern  shores  of  England:  Brussck  is  not  hx 
removed  from  this  line ;  so  that  while  the  symmetry  on  the  last  return  is 
considerably  departed  from  at  Dublin,  it  is  highly  probable  that  at  Brussels 
the  movements  are  more  in  accordance  with  its  nodal  character.  It  is  there- 
fore important  for  the  complete  determination  of  the  problem,  not  only  to 
obtain  tlie  annual  type  at  one  station ;  we  also  require  it  at  numerous  stations ; 
and  we  ought  to  be  furnished  with  local  types  similar  to  those,  but  more  ex- 
tensive, which  Sir  John  Herschel  has  established  for  different  stations  from 
the  observations  of  1835  to  18S8. 

It  has  already  been  observed  that  the  barometric  carves  at  any  one  station 
do  not  give  sections  of  waves  passing  the  station,  that  is,  the  curve  as  pro- 
jected is  not  a  section  of  the  wave  then  transiting,  but  exhibits  the  effects 
of  two  or  more  systems  of  waves  passing  at  the  same  time.  Now  as  like 
causes  produce  like  effects,  it  is  highly  probable  that  there  may  be  a  general 
flowing  of  the  larger  normal  waves  in  the  same  direction,  about  the  same 
season  of  the  year ;  and  as  we  have  seen  in  the  case  of  the  symmetrical  wave 
that  the  secondary  waves  are  erratic,  sometimes  falling  on  one  point  and 
sometimes  on  another  of  the  normid  waves,  these  normal  waves  may  be 
crossed  at  these  seasons  by  similar  systems  of  secondary  waves  slightly  re- 
moved from  a  normal  epoch  year  after  year,  giving  rise  to  a  similarity,  within 
certain  limits,  between  the  combined  barometric  curves  as  observed  at  the 
stations.     These  combined  curves  furnish  us  with  the  local  and  annual  types. 

While  this  labour  is  accomplishing,  and  we  are  in  progress  of  obtaining 
annual  and  local  types,  we  may  be  accumulating  information  that  will  bear 
considerably  on  the  second  branch  of  our  inquiry.  At  present  we  are  un- 
able to  answer  these  questions  fully.  We  have  obtained  some  glimpses  of 
the  vast  extent  of  these  waves,  and  in  our  contemplation  of  them  we  must, 
as  Sir  John  Herschel  beautifully  observes,  enlarge  our  conception  till  in  the 
extent  of  their  sweep  and  the  majestic  regularity  of  their  progress  they 
approach  in  some  degree  to  the  tide  waves  of  the  ocean ;  still  our  knowledge 
of  them  is  very  small.  The  volume  of  any  one  atmospheric  wave,  the  extent 
of  surface  it  covers,  indeed  any  particular  feature  we  may  name  and  which 
we  may  wish  to  be  exhibited  to  us  in  all  its  details,  we  must  still  reckon  among 
our  desiderata. 

In  closing  this  report,  I  beg  to  acknowledge  the  valuable  assistance  I  have 
received  from  the  following  public  bodies  and  gentlemen. 

To  THE  British  Government  I  am  indebted,  through  the  hands  of  the 
Astronomer  Royal  and  Lieut-Col.  Sabine,  R.A.,  for  the  volumes  of  Greenwich 
Magnetical  and  Meteorological  Observations  for  the  years  1840  to  1843,  and 
the  volume  of  similar  observations  made  at  the  Colonial  Observatory,  Toronto, 
in  the  years  1840,  1841  and  1842.  I  am  also  indebted  to  both  the  above- 
named  gentlemen  for  the  readiness  with  which  they  have  furnished  me  with 
extracts  from  the  records  of  their  respective  observatories,  and  for  many 
valuable  suggestions  which  I  have  received,  especially  from  CoL  Sabine. 

To  THE  Lords  Commissioners  of  the  Admiralty  I  am  indebted  for 
several  valuable  sets  of  observations  made  on  board  our  surveying  vessels, 
and  received  through  Rear- Admiral  Beaufort,  our  excellent  hydrographer. 
To  this  gentleman  I  am  peculiarly  indebted  for  the  lively  interest  he  has 
taken  in  forwarding  the  inquiry,  and  also  to  the  officers  under  whose  directions 
the  observations  have  been  made,  for  the  care  and  fidelity  with  which  they 
have  been  executed.  The  names  of  the  respective  officers  of  Her  Mi^esty's 
surveying  vessels  will  be  found  in  Table  I. 

To  THE  Honourable  the  Corporation  of  the  Trinity  House,  I  am 
indebted  for  the  ready  access  which  has  been  afforded  me  to  the  records  of 
meteorological  observations  kept  at  certain  lighthouses;  and  I  take  this  op- 
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portoQity  of  te«tiiying  to  the  care  and  fidelity^  with  which  the  observatioiifl 
are  made  daily  by  the  lighthouae  keepers.  The  situation  of  the  lighthouses 
at  which  observations  have  been  made  especially  to  assist  in  this  inquiry,  will 
be  fonnd  in  Table  f . ;  and  I  am  greatly  indebted  to  the  Corporation  for  certain 
modifications  in  the  observations  at  these  lighthonsesy  which  have  been  made  at 
mj  suggestion  in  order  that  the  subject  should  receive  the  fullest  investigation. 

To  THE  RoTAL  SociETT  I  am  indebted  for  several  sets  of  observations 
extracted  from  records  preserved  in  its  archives.  In  connection  with  the 
Society,  I  may  mention  the  kind  assbtance  I  received  from  the  late  Pro- 
fsssoR  Danisll  ;  and  I  take  this  opportunity  of  recording  the  kindness 
and  urbanity  which  he  ever  manifested,  when  applied  to  in  reference  to  this 
or  any  other  scientific  inquiry. 

To  Sir  John  F.  W.  Herschel,  Bart.,  I  am  under  peculiar  and 
especial  obligation :  the  kindness  I  experienced  from  that  gentleman  while 
engaged  in  discussing  the  quarterly  observations,  called  for  and  collected  by 
himself,  demands  the  most  lively  gratitude ;  and  I  take  this  opportunity  of  ac- 
knowledging this  kindness,  and  particularly  the  publication,  in  the  report 
drawn  up  by  Sir  John,  of  the  remarks  which  had  been  suggested  in  the  course 
of  my  labours,  and  which  I  had  communicated  at  interval.  I  need  scarcely 
mention  that  this  report  forms  the  foundation  of  all  my  subsequent  labours, 
aod  that  we  must  ever  regard  Sir  John  as  the  first  individual  who  has  given 
an  impetus  to  this  inquiry,  and  who  has  first  trodden  the  field  to  which  Prof. 
Forb^  some  years  since  directed  the  attention  of  meteorologists.  It  has  been 
vell-said  by  Col.  Sabine,  *'  that  Sir  John  Herschel  is  the  father  of  all  our 
modem  researches  in  meteorology ;  to  him  we  owe  all  our  hourly  observations, 
and  to  him  we  are  indebted  for  those  systematic  arrangements  by  which 
meteorology  will  take  its  due  place  among  the  sciences."  The  observation 
of  the  great  symmetrical  wave  in  November  184*2,  was  an  immediate  con- 
sequence of  the  discussion  of  Sir  John's  hourly  observations.  It  resulted  in 
fact  from  a  continuance  (at  such  intervals  as  I  could  command)  of  the 
observations  until  a  complete  rise  and  fall  of  the  barometer  had  been  observed, 
and  projected  in  a  curve  on  a  similar  but  reduced  scale  to  that  used  in  the 
projections  of  the  quarterly  observations.  My  former  reports  carry  on  the 
history ;  in  them  I  have  mentioned  the  further  assistance  I  have  received  from 
Sir  John,  which  I  have  now  great  pleasure  in  acknowledging. 

To  Capt.  I4ARC0M,  R.E.,  I  am  indebted  for  a  valuable  series  of  observa- 
tions, accompanied  with  curves  during  October,  November,  aod  December 
1845.    I  have  already  aUuded  to  these  in  the  body  of  the  report 

To  Professor  Phillips  and  Dr.  Stevelly  I  am  indebted  for  some 
valuable  series  from  the  north  of  England  and  Ireland.  I  am  also  indebted 
to  Dr.  Lloyd  for  several  extracts  from  the  records  of  the  Dublin  observatory: 
also  to  Sir  Thomas  Brisbane,  Professor  Nichol  and  Silvanus  Thomp- 
son, for  observations  made  at  their  respective  observatories.  * 

To  Professor  Quetelet  I  am  indebted  for  a  valuable  series  from  the 
observatory  at  Brussels,  and  for  several  series  of  the  quarterly  observations 
collected  by  himself,  which  may  be  most  advantageously  used  in  such  inquiries 
as  the  present 

To  E.  W.  Brayley,  JuN.,  Esq.,  of  the  London  Institution,  I  am  greatly 
indebted  for  the  valuable  assistance  which  he  has  on  several  occasions  in  con- 
nection with  this  inquiry  most  readily  afforded  me ;  especially  the  great  in- 
terest which  he  manifested  at  the  commencement  of  the  discussion  of  Sir 
John  Hersehers  quarterly  observations  which  materially  contributed  to  the 
reductions  being  entrusted  to  my  hands ;  and  I  take  this  opportunity  of  acknow- 
ledging, not  only  such  assistance,  but  also  the  direction  which  that  gentleman 
has  given  to  my  earlier  stadiesi  and  the  advice  he  has  offered  me  in  prosecuting 
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my  inquiries.  The  interesting  conversations  on  this  and  kindred  subjects  tbat 
I  have  had  with  him  during  the  last  ten  jears,  have  greatly  assisted  me  in  my 
labours.  I  am  also  indebted  to  George  Gwilt,  Esq.  and  to  £•  Johkston, 
Esq.,  for  the  assistance  afforded  by  those  gentlemeui  in  my  earliest  endeavours 
to  observe  and  trace  a  complete  wave. 

To  the  gentlemen  named  in  the  third  column  of  Table  I.,  I  am  indebted 
for  observations  at  the  stations  recorded  in  the  first  column  of  that  table, 
which  have  been  made  with  great  care,  and  mostly  at  the  hours  named  in  the 
instructions. 

I  cannot  olose  this  report  without  remarking,  that  many  of  the  observations 
which  have  thus  been  collected  and  partially  discussed,  owe  their  existence  en- 
tirely to  the  auspices  of  this  Association ;  and  should  the  further  discussion 
of  them  be  entrusted  to  my  hands,  the  same  care  shall  be  manifested  which 
I  have  endeavoured  to  eidbibit  in  my  previous  labours ;  and  by  examining 
them  in  every  point  of  view  and  under  every  possible  aspect,  I  trust  the  re* 
suit  will  be  such  as  fully  to  accord  with  the  great  object  of  the  Association ; 
and  should  no  new  facts  be  elicited,  yet  it  is  to  be  hoped  that  these  observa- 
tions, called  for  as  they  have  been  by  the  Association,  will  confirm  the  sug- 
gestions, and  throw  considerable  light  on  the  labours  of  several  eminent     , 
meteorologists,  so  that  in  these  respects  subjects  at  which  we  have  only  ob-    ^j 
tained  a  glance,  may  be  brought  fully  into  view,  and  thus  by  means  of  these   . , 
observations  the  science  in  some  degree  advanced.  .^ 

Of  the  grant  of  £7  placed  at  my  disposal  I  have  expended  £3  Ss.  Sd,   As  ^^ 
nearly  the  whole  of  the  observations  on  the  return  of  the  great  wave  in  the     .^ 
autumn  of  1845,  as  well  as  those  during  the  previous  October  are  at  present 
unreduced,  I  respectfully  request  a  continuance  of  the  grant 

W.  R.  BiRT.      :^ 
PiMcnpty  Apnl  10,  1847.  J* 

During  the  period  between  the  sitting  of  the  Association  and  this  report  ^ ' 
passing  Uirough  the  press,  I  have  been  furnished,  by  the  liberality  of  the  ^^ 
Royal  Society,  with  the  magnetical  and  meteorological  observations  made  ,^ 
during  the  year  1842  at  various  stations  in  the  Russian  empire.  These  f|] 
stations  embrace  an  area  extending  over  195  degrees  of  longitude.  The  ob«^^ 
servations  at  St  Petersburgh,  the  nearest  station  to  those  given  by  Mr.  BrowD^  .^ 
in  a  great  majority  of  cases  fully  confirm  the  results  arrived  at  in  the  pi^,.,'^ 
ceding  discussion,  and  in  others  the  views  obtained  by  means  of  Mr.  Brown's^  ^ 
observations  are  corrected,  and  considerable  light  thrown  on  the  real  character:  J^*^ 
of  the  smaller  waves  traversing  Great  Britain  and  Ireland.  In  addition  to.'^^^ 
these  advantages,  the  Russian  observations,  in  connexion  with  others,  exhibit' '% 
to  Us  the  vast  area  over  which  the  slopes  of  these  waves  extend,  so  vast  thaC'^^^j 
they  actually  approach  in  the  extent  of  their  sweep  and  the  regularity  of  theiti'^^^ 
progress  to  the  tide«waves  of  the  ocean.  But  this  is  not  all ;  the  records  of  tht'*^  ^  il 
Russian  observatories  contain  ample  materials  for  carrying  out  the  suggestioi'^^ii 
of  Sir  John  Herschel,  expressed  in  the  close  of  his  Report  on  Meteorological^*  h 
Reductions  (Report,  1843,  page  98),  '*  that  when  dealing  with  undulations  o/^^fui 
such  extent,  it  is  by  no  means  a  visionary  speculation  to  consider  the  posst  '^er  i^ 
bility  of  tracing  them  over  the  whole  of  our  globe."  The  area  embraced  b[  ^jh^i 
Mr.  Brown's  and  the  Russian  observations  extends  over  235  degrees  of  lon'f^presj 
gitude ;  and  it  is  apparent  from  the  observations  themselves,  that  the  greate^' 
fluctuations  are  readily  traceable.  Our  Colonial  Observatory  at  Toronto  v^^O.  q 
carry  on  the  observations  from  Sitka,  and  the  stations  on  the  eastern  shorf]|'^LVQ 
of  America  will  enable  us  to  trace  the  waves  from  the  eastern  to  the  westet^p^fiijoi^ 
shores  of  the  Atlantic,  over  the  vast  continents  of  Europe  and  Asia*  -^  gj 

The  following  table  contains  the  altitude  of  the  barometer  at  St  Peter'^tepo,^ 
bttigh  during  Sie  twenty»aix  days  included  by  Mr.  Brown's  observalioi'^^th; 
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Wheaerer  the  results  obtained  by  means  of  Mr.  Brown's  observations  ara 
either  confirmed  or  illustrated  by  them*  a  reference  is  made  to  the  day  on 
which  the  particular  wave,  as  indicated  by  the  observations  given  in  page  141  > 
if  either  identified  with  one  as  developed  by  my  previous  investigations,  or 
mreckaAj  exhibited  and  iti  true  character  more  dutinctly  brought  to  light 

Table  XV.— Barometric  readings  at  St  Petersburghi  1842.    Nov.  1  to  26t 

at  noon,  illustrating  Table  V. 


Ditt. 

SDf.In. 

DtlCt 

Bns*  In* 

Dat*. 

Sng«lii. 

NOY.I 

fl9-449 

Nov.  10 

99-890 

Nov.  19 

30-155 

9 

99-795 

11 

•659 

90 

99-866 

8 

80-9ia 

19 

•870 

91 

•776 

4 

•999 

13 

•617 

99 

•419 

5 

•951 

14 

•530 

28 

99-586 

6 

30164 

15 

•139 

94 

30K)39 

7 

99*961 

16 

•450 

95 

•080 

8 

•963 

17 

•689 

96 

•110 

9 

29-916 

18 

•848 

November  5.  Crest  No.  1. — The  observations  of  Nov.  1  indicated  a  crest 
vhich  psssed  across  England  and  Ireland  with  a  general  direction  N.  W. — 8.E. 
Thig  crest  is  now  vertically  over  St.  Petersburgh.  We  have  traced  it  from 
Mast,  past  the  Orkneys  to  Christiania,  and  we  now  fiod  it  at  St  Petersburgh* 
The  observations  of  this  day,  as  given  by  Mr.  Brown,  clearly  indicate  the 
Hreclion  of  crest  No.  2,  so  that  the  point  of  intersection  of  the  two  crests, 
Noft.  1  and  2»  must  have  been  situated  towards  the  north-west  of  Norway. 
This  at  once  explains  the  greater  amount  of  pressure  in  the  north-west  of 
Europe  in  the  early  part  of  November. 
November  8.  Posterior  slope,  crest  No.  2. — This  slope  was  characterized 
'  Ufa  deep  barometric  fall,  which  was  very  considerable,  especially  at  the  north- 
vettern  stations.  A  very  careful  comparison  of  Mr.  Brown's  observations 
vitb  those  made  at  St  Petersburgh  and  those  given  in  my  last  report,  Sec* 
^00  III.  (Report,  1845,  pp.  124  to  128),  identities  crest  No.  2  with  wave  A® 
^the  last  report.  The  direction  of  the  crest,  from  a  comparison  of  the  num- 
^over  the  larger  area,  includinff  St.  Petersburgh,  appeared  to  extend  from 
'k  south- wes(  of  England  past  Norfolk  to  the  east  of  Christiania,  and  be- 
i^feo  this  station  and  St  Petersburgh. 

li  has  been  observed  in  the  remarks  under  the  head  anterior  slopci  crest 
^0.2  (page  146))  that  the  altitude  of  this  crest  (No.  2)  appears  to  have  sub- 
M  as  the  wave  progressed.  This  subsidence  was  also  observed  at  Chris* 
laiua  and  St.  Petersburgh.  At  Chrlstiania  the  crest  passed  with  about  the 
me  altitude  as  it  passed  Plymouth,  30*27,  and  at  St.  Petersburgh  it  was 
i^dy  under  30  inches. 

Xorember  9.  Posterior  slope,  crest  No.  2.-^0n  this  day  this  posterior 
^yt  comes  into  full  view.  We  have  already  identified  crest  No.  2  with  wave 
'•'  of  my  former  investigations.  The  observations  of  this  dav  give  us  the 
^"^on  of  the  posterior  slope,  which  more  or  less  accords  witn  Uie  sections 
'  uiaospheric  pressure  at  3  p«m.  of  this  day,  as  exhibited  in  plates  45  and  46, 

Stjyember  10.  Crest  No.  3. — The  direction  of  this  crest  is  nearly  identic 
•  vith  that  of  No.  1,  which  passed  over  Great  Britain  and  Ireland  on  the 
*.  A  comparison  of  Mr.  Brown's  observations  with  those  at  St.  Peters- 
•'vk  and  those  given  in  my  last  report,  identifies  this  wave,  crest  No.  3, 
.  5-  (see  Report,  1845,  page  125). 

Jst  No.  2. — This  crest  is  situated  to  the  east  of  St  Petersburgh  on  this 
*''M  the  same  time  that  its  posterior  trough  is  situated  to  the  east  of  the 
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Orkneys.  This  will  give  some  idea  of  the  extent  of  country  covered  by  thb 
wave  and  the  vast  amount  of  its  amplitude.  The  direction  of  the  trough  is 
indicated  on  plate  42,  Report,  1844. 

November  11.  Posterior  troughs,  crests  Nos.  2  and  S. — On  Nov.  5  we 
distinctly  traced  the  directions  of  the  crests  Nos.  1  and  2,  and  the  observa- 
tions at  St  Petersburgh  assisted  us  in  indicating  the  locality  of  their  inter- 
section. The  observations  of  this  day,  Nov.  11,  indicate  the  contemporane- 
ous existence  of  the  posterior  troughs  of  crests  Nos.  2  and  3. 

It  appears  probable,  from  a  consideration  of  the  observations  of  November 
12,  that  the  depression  which  occurred  at  Plymouth  (see  page  150)  was  oc- 
casioned by  the  crossing  of  the  posterior  troughs  of  crests  Nos.  2  and  S.  If 
so,  we  are  enabled  to  form  a  correct  estimate  of  the  direction  of  these  contem- 
poraneous troughs.  The  posterior  trough  of  crest  No.  2  now  passes  St. 
Petersburgh.  Table  IX.  (Report,  1845,  page  125)  clearly  indicates  that  the 
depression  of  this  day,  in  the  south  of  England,  was  due  to  the  posterior 
trough  of  crest  No.  3.  We  find  Paris  under  the  posterior  slope  of  crest  No.  2, 
so  that  the  intersections  of  the  troughs  must  have  been  situated  in  the  neigh- 
bourhood of  Plymouth,  or  between  Cork  and  Plyniouth :  the  direction  of  the 
trough  of  crest  No.  3  appears  to  have  extended  from  Paris  towards  Cork 
while  the  crest  was  passing  Christiania.  It  appears  the  velocity  of  crest  No. 
3  was  greater  than  tiiat  of  crest  No.  1,  which  may,  to  a  certain  extent,  explain 
the  discrepancy  noticed  in  page  150. 

November  12.  Crest  No.  3. — This  crest  now  passes  St  Petersburgh,  while 
its  posterior  trough  passes  Belfast  and  Shields. 

November  15.  Anterior  trough,  crest  No.  5. — This  trough  now  transits 
St  Petersburgh.  The  fact  of  the  succeeding  crest  (No.  5)  passing  the  Ork- 
neys at  the  same  time,  clearly  indicates  the  wave  to  be  much  smaller  than  the 
preceding  two. 

November  17*  Crest  No.  7« — It  appears  from  a  comparison  of  the  Chris* 
tiania  and  St  Petersburgh  observations  that  the  wave,  crest  No.  7,  was  very 
small. 

November  18.  Crest  No.  4. — This  wave,  which  forms  the  crown  of  the 
great  symmetrical  wave,  has  been  very  distinctly  developed  by  the  discussion 
of  Mr.  Brown's  observations.  The  altitude  it  attained,  especially  in  the 
south-east  of  England,  has  contributed  to  bring  it  prominently  into  view. 
The  observations  at  St.  Petersburgh  make  us  acquainted  with  the  great  ex- 
tent of  its  longitudinal  direction.  Its  crest  passed  Dublin  on  the  17th,  Lon- 
don on  the  18th,  and  Munich  on  the  19th  (see  plate  2,  appended  to  Sir  John 
Herschel's  Report  on  Meteorological  Reductions,  Report,  1843).  In  the  fol- 
lowing table  the  transit  of  its  crest  at  the  three  northern  stations,  the  Orkneys, 
Christiania  and  St.  Petersburgh,  is  readily  seen.  The  direction  in  which  the 
wave  progressed  being  N.W.  to  S.E.,  the  section  which  passed  over  St  Peters- 
burgh was  more  northerly  than  the  others.  The  maximum  occurred  at  St 
Petersburgh  at  least  twelve  hours  later  than  at  Munich,  and  about  two  days 
later  than  at  Dublin. 

Table  XVI. 


Orkneys. 

ChrifCUnla. 

St.  FetenbuTgh. 

Nov.  i; 

18 
19 

30*35'' 

30*18 
29-91 

29-94 

3011« 

29*91 

29*68 
29*85 
30*16« 

c  Crest 


[For  Addenda  to  this  Repwt  tee  end  efthe  Reports.^ 
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Bepmi  on  the  Archetype  and  Homologie$  of  the  Vertebrate  Skeleton. 

By  Prof,  OwEN^  F.R.S. 

Part  h — Special  Homolooy. 

Iniroducikm* 
When  the  structure  of  organiied  beings  began  to  be  investigated,  the  parts, 
as  they  were  observed,  were  described  under  names  or  phrases  suggested 
by  their  forms,  proportions,  relative  position,  or  likeness  to  some  familiar  ob- 
ject Much  of  the  nomenclature  of  human  anatomy  has  thus  arisen,  espe- 
cially that  of  the  osseous  system,  which,  with  the  rest  of  man's  frame,  was 
studied  originally  from  an  insulated  point  of  view,  and  irrespective  of  any 
other  animal  structure  or  any  common  type. 

So  when  the  exigences  of  the  veterinanr  surgeon,  or  the  desire  of  the 
naturalist  to  penetrate  beneath  the  superficial  characters  of  his  favourite 
dasB,  led  them  to  anatomise  the  lower  animals,  they,  in  like  manner,  seldom 
glanced  beyond  their  immediate  subject,  and  often  gave  arbitrary  names 
to  the  parts  which  they  detected.    Thus  the  dissector  of  the  horse,  whose 
attention  was  more  especially  called  to  the  leg  as  the  most  common  seat 
of  disease  in  that  animal,  specified  its  *  cannon-bone,'  its  'great'  and  *  small' 
pastern-bones,  its  'coffin-bone,'  and  its  'nut-bone'  or  'coronet':  some 
cranial  bones  were  also  named  agreeably  with  their  shape,  as  the  '  os  qua- 
dratum/  for  example.    The  ornithotomist  described,  in  the  same  irrelative 
manner,  the  'ossa  homoidea,'  'ossa  communicantia '  or  '  interarticularia,' 
the  'columella'  and  'os  furcatorium.'    Petit*  had  his'os  grele'and'os 
eo  massue;'  Herissantf  his  'os  carr6';  which,  however,  is  by  no  means  the 
same  bone  with  the  'os  carr6'  or  'os  quadratum'  of  the  hippotomist    The 
investigator  of  reptilian  osteology  described  '  hatchet-bones '  and  cherron- 
bon^  an  'os  annulare'  or  'os  en  ceinture,'  and  an  'os  transversum':  he 
likewise  defined  a  'columella';  but  this  was  a  bone  quite  distinct  from  that 
so  called  in  the  bird.    The  ichthyotomist  had  also  an  '  os  transversum,'  which 
again  was  distinct  from  that  in  reptiles,  and  he  demonstrated  his  '  os  discoi- 
deum,' '  OS  coenosteon,' '  os  mystaceum,' '  ossa  symplectica  prima,' '  secunda,' 
'tertia,'  'suprema,' '  postrema,  &c.  Similar  examples  of  arbitrary  names  might 
easily  be  multiplied ;  many  distinct  ones  signifying  the  same  part  in  difierent 
animals,  whilst  essentially  distinct  parts  oflen  received  the  same  name  from 
difierent  anatomical  authors,  occupied  exclusively  by  particular  species. 
Each,  at  the  beginning,  viewed  his  subject  independently ;  and  finding,  there- 
fore, new  organs,  created  a  new  nomenclature  for  them ;  just  as  the  anthro- 
poComist  had  done,  of  necessity,  when,  with  a  view  to  the  cure  or  relief  of 
disease  and  injury,  he  entered  upon  the  vast  domain  of  anatomical  science  by 
the  structure  of  Man,  or  of  the  mammals  most  resembling  man. 

*  Obferratioiis  Anstotniqaei  tur  let  mouvement  du  bee  dei  Oisesui,  M^moirei  de  I'Acad. 
det  Sdencet,  1748,  p.  345. 
t  M^m.  de  l*Acsd.  deft  Sciences,  1774,  p.  497. 
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It  may  well  be  conceived  with  what  a  formidable  load  of  names  the  me- 
mory must  have  been  burthened,  if  any  could  have  been  found  equal  to  ]t» 
had  the  anatomy  of  animals  continued  and  made  progress  under  its  primitive 
condition  of  an  assemblage  of  arbitrarily  described  and  uncompared  facts. 

Happily  the  natural  tendency  of  the  human  mind  to  sort  and  generalize  its 
ideas  could  not  long  permit  such  a  state  of  the  science,  if  science  it  could  be 
called,  to  remain.  A  large  and  valuable  portion  of  the  labours  of  the  com- 
parative anatomists  who  have  honoured  the  present  century,  has  been  devoted 
to  the  determination  of  those  bones  in  the  lower  animals  which  correspond 
with  bones  in  the  human  skeleton ;  the  results  being  usually  expressed  by- 
applying  to  the  parts  so  determined  the  same  names,  as  far  as  the  nomen- 
clature of  anthropotomy  allowed.  Few,  however,  of  the  parts  of  the  human 
body  have  received  single  substantive  names ;  they  are  for  the  most  part  in* 
dicated  by  shorter  or  longer  descriptive  phi'ases,  like  the  species  and  parti  of 
plants  before  Linnaeus  reformed  botanical  nomenclature. 

The  temptation  to  devise  a  systematic  Nomenclature  of  Anatomy,  generallj 
applicable  to  all  animals,  increases  with  the  advance  of  the  science,  and  from 
the  analogy  of  what  has  taken  place  in  other  sciences  it  may  one  day  be 
yielded  to  and  exercise  the  ingenuity  of  some  ardent  reformer.  But  the  same 
analogy,  especially  that  afforded  by  chemical  science  since  the  time  of  Lavoi- 
sier, would  rather  lead  the  true  friend  of  anatomy  to  deprecate  the  attempt 
to  impose  an  entirely  new  nomenclature  of  parts,  however  closely  expressive 
of  the  nature  and  results  of  the  science  at  the  period  when  it  might  be  devised. 
For  there  b  no  stability  in  such  descriptive  or  enunciative  nomenclature ;  it 
changes,  and  must  change  with  the  progress  of  the  science,  and  thus  becomes 
a  heavy  tax  upon  such  progress. 

If  the  arbitrary  term  *  calomel,'  which,  like  *  house'  and  'dog,'  signifies  the 
thing  in  its  tottdity,  without  forcing  anv  particular  quality  of  its  subject 

grominently  upon  the  mind,  be  preferable,  on  that  account  as  well  as  its 
revity,  to  the  descriptive  phrases  '  submuriate  of  mercury,'  *  chloride  of 
mercury,'  or  *  proto-chloride  of  mercury,'  in  enunciating  propositions  respect- 
ing the  substance  to  which  it  is  applied ;  and  if  it  possesses  the  additional  ad- 
vantage of  fixity,  of  a  steady  meaning  not  liable  to  be  affected,  like  a  descrip* 
tive  name  or  phrase,  by  every  additional  knowledge  of  the  properties  of  the 
substance;  the  anatomist,  zealous  for  the  best  interests  of  his  science,  will  feel 
strongly  the  desirableness  of  retaining  and  securing  for  the  subjects  of  his 
propositions  similar  single,  arbitrary  terms,  especially  if  they  are  also  capable 
of  being  inflected  and  used  as  noun  adjectives. 

The  practice  of  anatomists  of  the  soundest  judgement  has  usually  been, 
to  transfer  the  anthropotomical  term  or  phrase  to  the  answerable  part  when 
detected  in  other  animals.  The  objection  that  the  original  descriptive  or 
otherwise  allusive  meaning  of  the  term  seldom  applies  to  the  part  with  equal 
force  in  other  animals,  and  sometimes  not  at  all,  is  one  of  really  littie  moment ; 
for  the  term  borrowed  from  anthropotomy  is  soon  understood  in  an  arbitrary 
sense,  and  without  regard  to  its  applicability  to  the  modified  form  which 
the  namesake  of  the  human  bone  commonly  assumes  to  suit  the  ends  required 
in  the  lower  species.  No  anatomist,  for  example,  troubles  himself  with  the 
question  of  the  amount  of  resemblance  to  a  crow's  or  other  bird's  beak  in  the 

*  coracoid'  bone  of  a  reptile,  or  with  the  want  of  likeness  of  the  kangaroo's 

*  coccyx'  to  the  beak  of  a  cuckoo ;  or  of  the  whale's  *  vomer '  to  a  plough- 
share ;  or  ever  associates  the  idea  of  the  original  mystic  allusion  in  the  ana- 
tomical term  '  sacrum '  with  his  description  of  that  bone  in  the  megatherium 
or  other  monster.  Common  sense  gratefully  accepts  such  names  when  they 
become  as  arbitrary  as  cat  or  calomel,  and  when  such  concretes  or  acljectives 
as  *  coccygeal,'  'vomerine'  and  'sacral*  can  be  employed  to  teach  the  pro- 

-^rties  or  accidents  of  their  subjects. 
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To  sabsUtote  names  for  phnhses  is  not  only  aUowaUe,  but  I  believe  it  to  be 
ifldispensable  to  the  right  progress  of  anatomy ;  bat  such  names  must  be  arbi- 
trarjy  or,  at  least,  shomd  have  no  other  signification  than  the  homologicai  one» 
if  anatomjy  as  the  science  of  thestructure  of  all  animals,  is  to  emoy  &e  inesti- 
mable benefit  of  a  steady  and  universal  nomenclature.  I  am  far  from  being  in- 
sensible to  the  advantages  which  other  sciences  have  derived  from  revolutions 
in  their  technical  language ;  but  experience  has  also  demonstrated  attendant 
evils ;  and  these,  it  is  to  be  feared,  would  preponderate  in  the  case  of  anatomy, 
on  aeconnt  of  the  peculiar  character  of  its  origin,  and  the  fact  of  its  cultivators 
being  for  the  most  part  introduced  to  the  science  through  the  portal  of  anthro- 
potomy.  So  long,  likewise,  as  due  deference  continues  to  be  paid  to  the  deep 
and  vital  importance  of  the  practical  applications  of  the  parent  science  in 
medicine  and  surgery,  it  will  be  in  vain  for  any  man  to  expect  that  his  sole 
authority  would  suffice  for  the  general  reception  of  an  entirely  new  nomen- 
cktore,  however  philosophically  devised  or  cleariy  enundative  of  the  highest 
and  most  comprehensive  truths  of  the  science  at  the  time  of  its  formation. 

After  maturely  considering  this  subject  in  its  various  relations,  I  have  ar- 
rived at  the  conviction  that  the  best  interests  of  anatomical  science  wiU  be 
eoDsulted  by  basing  the  nomenclature  applicable  to  the  vertebrate  subking- 
dom  upon  the  terms  and  phrases  in  which  the  great  anthropotomists  of  the 
16th,  17th  and  18th  centuries  have  communicated  to  us  the  fruits  of  their 
immortal  labours*  For  it  is  only  on  this  firm  foundation  that  we  may  hope 
to  avoid  that  ceaseless  change  of  terms  which  follows  the  device  of  a  syste- 
matic nomenclature  significant  of  a  given  progress  and  result  of  scientific 
research.  But  the  names  of  the  parts  of  the  vertebrate  animals  so  based  on 
or  deduced  from  the  language  of  anthropotomy  must  divest  themselves  of 
their  original  descriptive  signification,  and  must  stand  simply  and  arbitra- 
rily as  the  signs  of  such  parts,  or  at  least  with  the  sole  additional  meaning 
of  indicating  the  relation  of  the  part  in  the  lower  animal  to  its  namesake  or 
homologue  in  Man.  It  is  an  old  maxim  accepted  by  the  best  logicians,  that 
no  name  is  so  good  as  that  which  signifies  the  total  idea  or  whole  subject, 
without  calling  prominently  to  mind  any  one  particular  quality,  which  is 
thereby  apt  to  be  deemed,  undeservedly,  more  essential  than  the  rest. 

The  chief  improvement  which  the  language  of  anatomy,  based  upon  that 
of  anthropotomy,  must  receive  in  order  to  do  its  requisite  duty,  is  the  substi- 
tution of  *  names '  for  '  phrases '  and  '  definitions ' ;  and  this  is  less  a  change 
of  nomendature  than  the  giving  to  anatomy  what  it  did  not  before  possess, 
but  which  is  absolutely  requisite  to  express  briefly  and  clearly,  and  without 
periphrasb,  propositions  respecting  the  parts  of  animal  bodies.  Such  names 
should  be  derived  from  a  universal  or  dead  language,  and  when  anglicized, 
or  translated  into  other  modem  equivalents,  ought  to  be  capable  of  being 
inflected  adjectively. 

A  few  examples  will  suffice  to  show  how  greatly  the  advantage  of  such 
names  preponderates  over  the  trouble  of  substituting  them  in  the  memory 
for  the  definitions  which  previously  signified  the  ideas. 

In  the  classical  Anthropotomy  of  Soemmerring,  a  well-defined  part  of  the 
skull,  which  is  a  distinct  bone  in  the  human  embryo,  and  permanently  so  in 
all  cold-blooded  Vertebrata,  is  called  **  pars  occipitalis  stricte  sic  dicta  partis 
ocmpitalis  ossis  spheno-occipitalis*."  Monro,  in  his  justly-esteemed  treatise 
*  On  the  Human  Bones  f,'  defines  the  same  bone  as  **  all  the  part  of  the  (oc- 
cipital) bone  above  the  great  foramen."  In  the  *  Elements  of  Anatomy,'  by 
Dr.  QuainI,  a  work  of  repute  for  its  clearness  and  minuteness  of  detail,  the 


*  DeCorporis  Hamsni  Fkbrics,  1794,  t.  i.  p.  162.       f  Klihy'i  edition,  8vo,  1820,  p.  76. 
X  ElemeDts  of  Descriptive  tad  Practical  Anatomy,  Bvo,  1828,  p.  50. 
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part  in  question  is  neither  named  nor  described.  The  term  mKpnhoocipUaJU^ 
Lat  (supra-occipital,  Eng,,  sur-occipital,  Fr.),  is  obviously  a  gain  to  anatomical 
science  in  all  propositions  respecting  this  part  in  the  vertebrate  series. 

Certain  parts  of  a  vertebra,  distinct  bones  at  an  early  period  in  man,  and 
throughout  life  in  most  reptiles,  are  defined  by  Soemmerring  as  'radices  ar* 
ciis  posterioris  vertebree,'  or  '  arcus  posterior  vertebrae '  collectively  *.  Monro 
describes  the  same  parts  separately,  as  *'  a  broad  oblique  bony  plaXe  extended 
backwards,"  and  together,  as  "  a  bony  arch  produced  backwards" :  he  names, 
defines  and  minutely  describes  the  processes,  &c.  of  these  bony  plates,  which 
in  the  series  of  Vertebrata  are  soon  found  to  be  non-essential  characters;  but 
for  the  plates  themselves,  which  are  the  most  constant  and  essential  consti- 
tuents of  a  vertebra,  he  has  no  name.  Dr.  Quain  defines  the  same  parts  as  *<  two 
plates  of  bone,  the  lamellae  or  arches,  which  complete  the  central  foramen f.*' 
They  are  sometimes  more  briefly  but  vaguely  spoken  of  in  English  works 
of  Comparative  Anatomy  as  **  the  vertebral  lamellae  "  or  <*  vertebral  laminae,** 
or  **  perivertebral  elements."  The  term  *  neurapcphysis,*  Lat.  and  £ng.  (<  neur^ 
apaphyse!  Fr.),  applicable  to  each  element  individually,  under  which  all  its 
properties  may  be  predicated  of  by  the  adjective  '  neurapophysiaV  without 
periphrasis,  seems  by  its  adoption  in  the  classical  works  of  MM.  Agassis 
and  Stannius,  to  be  as  acceptable  as  the  term  '  sur-occipitai '  substituted  by 
Cuvier  for  the  definitions  in  anthropotomy  above  cited. 

Similar  instances  of  the  absence  of  determinate  names,  capable  of  in- 
flection, for  parts  of  the  human  frame,  will  be  seen  in  the  last  column  of 
Table  I.,  and  others  will  occur  to  the  anatomist,  even  in  regard  to  most 
important  parts,  as  the  primary  natural  divisions  of  the  neural  axis,  for 
example,  to  the  great  hindrance  of  brief,  clear  and  intelligible  descriptions. 
So  long  as  the  phrases  *  marrow  of  the  spine,' '  chord  of  the  spine,'  continue 
to  usurp  the  place  of  a  proper  name,  aJl  propositions  concerning  their  sub- 
ject must  continue  to  be  periphrastic,  and  often  also  dubious.  Thus  if  the 
pathologist,  speaking  of  diseases  of  the  spinal  marrow,  desires  to  abbreviate 
his  proposition  by  speaking  of  <  spinal  disease,'  he  is  liable  to  be  misunder- 
stood as  referring  to  disease  of  the  spinal  or  vertebral  column.  The  vague, 
but  often-used  phrase  '  chorda  dorsalis '  for  the  embryonic  fibro-gelatinous 
basis  of  the  spine,  adds  another  source  of  confusion  likdy  to  arise  from  the 
use  of  the  term  *  spinal  chord,*  as  applied  to  that  most  important  part  of  the 
neural  axis  which  I  have  proposed  to  call  *Myelon  j:,'  a  term  which,  if  adopted, 
would  be  attended  by  this  advantage,  that  no  ambiguity  could  arise  in  speak- 
ing of  '  myelonal  functions,' '  myelonal  affections,'  or  other  properties  of  this 
part  of  the  central  axis  of  the  nervous  system. 

Anthropotomy,  in  respect  to  its  nomenclature,  or  rather  the  want  of  one, 
is,  as  I  have  already  remarked,  not  unlike  i«  hat  botany  was  before  the  time  of 
Linnaeus,  and  we  may  anticipate  the  happiest  effects  from  a  judiciously  re- 
formed technical  language  in  the  advancenrent  of  the  true  and  philosophic 
knowledge  of  the  human  structure,  from  the  rapid  progress  of  botany  when 
the  opposition  raised  by  sloth  or  envy  to  the  Linnaean  reforms  was  overcome. 
For  a  good  general  anatomical  nomenclature,  based  and  regulated  upon  the 
principles  above  defined,  must  reflect  its  benefits  upon  anthropotomy.  1  dar« 
not  flatter  myself  that  the  names  adopted  or  proposed  for  the  Osseous  System 
of  the  Vertebrata  in  my 'Hunterian  Lectures 'and  in  the  first  column  of  Table  I* 
will  meet  at  once  with  acceptance,  but  the  attempt  to  establish  such  a  nomen- 
clature will  be  felt  to  have  been  an  indispensable  step  in  undertaking  a  general 
survey  of  the  homological  relations  of  the  vertebrate  skeleton. 

*  De  Corporis  Humani  Fabrics,  1794,  t.  L  pp.  235,  236. 

t  Elements  of  Descriptive  and  Practical  Anatomy,  8vo,  1828,  p.  121, 

X  Hunterian  Lectures,  toI.  ii. '  Vertebrata/  part  i.  p.  172. 

r 


ON  THB  VERTEBRATE  SKELETON.  173 

In  proposing  a  definite  name  for  each  distinct  bone,  declaratory  of  its 
ipeeial  homology  thronghont  the  vertebrate  kingdom,  I  have  sought  earnestly 
to  redace  the  amount  of  reform  to  the  minimum  allowed  by  the  exigences 
of  the  case.  Agreeably  with  Aphorism  III.  of  the  '  Philosophy  of  &e  In- 
ductive Sciences '  (p.  Ixvii.),  the  nomenclature  of  anthropotomy  forms  the 
basiSy  and  all  the  names  given  to  parts  by  one  or  other  of  the  great  French 
anatombts  have  been  accepted,  with  the  modifications  of  a  Latin  or  an  En* 
glish  termination,  wherever  such  names  had  not  been  applied,  as  is  the  case 
with  some  proposed  by  GeoflTroy  St  Hilaire,  to  two  difierent  parts.  In  sub- 
stituting names  for  phrases,  I  have  endeavoured,  conformably  with  another 
of  Dr.  WheweU's  canons  (Aph.  XVII.  cp.  cU.  p.  cxvii.),  to  approximate  the 
sound  of  the  name  as  nearly  as  possible  to  those  of  the  leading  terms  of  the 
definition  or  phrase,  as  e.  g.  cUisphenaid  for  *  ala  media.  Sec  sphenoidaiis '  and 
for  *  grande  aile  du  sph6noIde ' ;  orbiiosphenoid  for  '  ala  superior  seu  orbi- 
talis,  &C.  sphenoidaiis,'  and  for  ^aile  orbital  re  du  sph^nolde*.' 

The  corresponding  parts  in  different  animals  being  thus  made  namesakes, 
are  caHed  technically  *  homologues.'  The  term  is  used  by  logicians  as  syno- 
nymous with  *  homonyms,'  and  by  geometricians  as  signifying  '  the  sides  of 
similar  figures  which  are  opposite  to  equal  and  corresponding  angles,'  or  to 
parts  having  the  same  proportions  f :  it  appears  to  have  been  first  applied  in 
anatomy  by  the  philosophical  cultivators  of  that  science  in  Germany.  Geof* 
froy  St.  Hilaire  says,  *^  Les  organes  des  sens  sont  homologue$^  comme  s'ex« 
primerait  la  philosophic  Allemande ;  c'est^fi*dire  qu'ils  sont  analogues  dans 
lenr  mode  de  d6veloppement,  s'il  existe  v^ritablement  en  eux  un  mdme  prin- 
tjpe  de  formation,  une  tendance  uniforme  k  se  r6p6ter,  k  se  reproduire  de  la 
m^me  fa^onl.'*  The  French  anatombt,  however,  seems  not  rightly  to 
define  the  sense  in  which  the  German  philosophers  have  used  the  term : 
there  is  a  looseness  in  the  expression  '  analogous  in  their  mode  of  develop- 
ment,' which  may  mean  either  identical  or  similar,  and  also  different  kinds  of 
similarity.  P^rts  are  homologous  in  the  sense  in  which  the  term  is  used  in 
thb  Report,  which  are  not  always  similarly  developed :  thus  the  '  pars  occi- 
pitalis stricte  sic  dicta,'  &c.  of  Soemmerring  is  the  special  homologue  of  the 
snpraoccipital  bone  of  the  cod,  although  it  is  developed  out  of  pre-existing 
cartilage  in  the  fish  and  out  of  aponeurotic  membrane  in  the  human  subject. 
I  also  r^ard  the  supraoccipital  as  the  serial  homologue  of  the  parietal  and 
the  midfrontal,  although  these  are  developed  out  of  the  epicranial  membrane 
in  the  fish,  and  not  out  of  pre-existiog  cartilage,  like  the  supraoccipital. 
The  femur  of  the  cow  is  not  the  less  homologous  with  the  femur  of  the  cro- 
codile, because  in  the  one  it  is  developed  from  four  separate  ossific  centres,  and 
the  other  from  only  one  such  centre.  In  like  manner  the  compound  maodi- 
bnlar  ramus  of  the  fish  is  the  homologue  of  the  simple  mandibular  ramus  of 
the  mammal,  as  the  compound  tympanic  pedicle  of  the  fish  is  homologous 
with  the  simple  tympanic  pedicle  of  the  bird,  the  differences  expressed  by 
the  terms  'simple'  and  'compound'  depending  entirely  on  a  difference  of 
development. 

Without  knowing  the  precise  sense  in  which  Geoffroy  St.  Hilaire  under- 

*  The  h^py  ftdlity  of  combination  which  the  German  Ungnage  enjoyi  has  long  enabled 
the  Tery  eminent  anatomists  of  that  intellectual  part  of  Europe  to  condense  the  definitions  of 
BBthropotomy  into  single  words;  but  these  cannot  become  cosmopolitan;  such  terms  as 
*  Hinterhauptbeinkorper/ '  SchlitfbeinschUppen/and  'ZwischenkiemendeckeUtiick/are  likely 
to  be  xettricted  to  the  anatomists  of  the  country  where  the  vocal  powers  have  been  trained 
from  infiucT  to  their  utterance. 

t  This  is'  the  sense  in  which  the  term  is  defined  in  the  French  Dictionary  and  in  our 
Joiuiaoa's  Dictionary. 

X  ^^v^\f^  dcs  Seiencet  Naturelles,  tom.  vi.  1825,  p.  341. 
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stood  *  aoalogooB  development,'  one  cannot  determine  how  much  or  how  little 
it  is  applicable  to  the  determination  of  homologies  or  to  the  definition  of 
homologous  parts.  Dr.  Reichert  seems  to  hare  been  unduly  influenced  by  the 
idea  of  *  analogy  or  similarity  of  development  in  the  determination  of  homo- 
logous parts '  when  he  rejected  the  parietal  and  frontal  bones  from  the  system 
of  the  endo-skeleton,  because  they  were  not  developed  from  a  pre-existing 
cartilaginous  basis*,  or,  because  they  could  be  easily  detached  from  sulja- 
cent  persistent  cartilage  in  certain  fishes ;  the  essential  distinction  between 
these  and  the  supra- occipital  in  regard  to  development  being,  that  whereas 
the  cartilaginous  stage  intervened  in  the  latter  between  the  membranous  and 
the  osseous  stages,  in  the  other,  usually  more  expanded,  cranial  spines,  the 
osseous  change  appears  to  be  immediately  superinduced  upon  the  primitive 
aponeurotic  hutological  condition. 

M.  Agassiz  seems,  in  like  manner,  to  give  undue  importance  to  similarity 
of  development  in  the  determination  of  homologies,  where  be  repudiates  the 
general  homology  of  the  basi-sphenoid  with  the  vertebral  centrum,  and  con- 
sequently  its  serial  homology  with  the  basi-occipital,  because  the  pointed  end 
of  the  chorda  dorsalis  has  not  been  traced  further  forwards  along  the  basb 
of  the  cranium  in  the  embryo  osseous  fish  than  the  basi-occipitalt*  But  the 
development  of  the  centrum  of  everv  vertebra  begins,  not  in  the  gelatinous 
chord,  but  in  its  aponeurotic  capsule,  and  it  is  in  the  expanded  aponeurosis 
directiy  continued  from  the  *  chorda '  along  the  *  basis  cranii  *  that  the  thio 
stratum  of  cartilage -cells  is  formed  from  which  the  ossification  of  the  basi- 
sphenoid,  presphenoid  and  vomer  proceeds. 

There  exists  doubtless  a  close  general  resemblance  in  the  mode  of  deve- 
lopment of  homologous  parts ;  but  this  is  subject  to  modification,  like  the 
forms,  proportions,  functions  and  very  substance  of  such  parts,  without  their 
essential  homological  relationships  being  thereby  obliterated.  These  rela- 
tionships are  mainly,  if  not  wholly,  determined  by  the  relative  positton  and 
connection  of  the  parts,  and  may  exist  independently  of  form,  proportion, 
substance,  function  and  similarity  of  development.  But  the  connections 
must  be  sought  for  at  every  period  of  development,  and  the  changes  of  rda- 
tive  position,  if  any,  during  growth,  must  be  compared  with  the  c(»inections 
which  the  part  presents  in  the  classes  where  v^etalive  repetition  is  greatest 
and  adaptive  modification  least 

Relations  of  homology  are  often  not  only  confounded  with  those  of  analogy, 
but  in  some  recent  and  highly  estimable  works  on  comparative  anatomy  the 
terms  *  analogy '  and  '  analogue '  continue  to  be  used  to  express  the  ideas  of 
homology  and  homologue,  or  are  so  used  as  to  leave  in  doubt  the  meaning  of 
the  author.  Thus  when  we  read  in  the  latest  edition  of  the  '  Lemons  d*  Ansp 
tomie  Compart '  of  Cuvier,  "  Les  branchies  sont  les  poumons  des  animanx 
absolument  aquatiques,"  t.  vii.  p.  164 ;  and  with  regard  to  the  cartilaginoos 
or  osseous  supports  of  the  gills,  **  elles  sont,  i,  notre  avis,  avx  branchies  des 
poissoBs,  ce  que  les  cerceanx  cartilagineux  ou  osseux  des  voies  a^riennes  sont 
aux  poumons  des  trois  classes  sup^rieures,**  Und.  p.  177,  we  are  left  in  doubt 
whether  it  is  meant  that  the  giUs  and  their  mechanical  supports  merely  perform 
the  same  function  in  fishes  which  the  lungs  and  windpipe  do  in  mammab,  or 
whether  they  are  not  also  actually  the  same  parts  differently  modified  in  re- 
lation to  the  different  respiratory  media  in  the  two  classes  of  animals.  The 
deeper-thinking  Geoffrey  leaves  no  doubt  as  to  his  meaning  where  he  argues 

*  Vergldchende  EntwickelangBgeschichte  dei  Kopfea  der  nackten  Reptilien,  4to,  1838, 
pp.  212,  218. 
t  Recherches  sur  les  Poinons  FoasOes,  4to,  1843,  i.  p.  127. 
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in  the  <  PhikMophie  Anatomiqtie '  (8vo»  1818,  Mme  mteoire,  p«205)»  thai 
the  branchial  aitshea  of  fishes  are  the  modified  tracheal  rings  of  the  air« 
breathing  Teriebrates :  we  perceive  at  onoe  that  he  is  eoondating  a  relation 
of  homology. 

I  have  cdbBwhere*  discussed  the  relations,  both  homological  and  analogicalt 
of  the  respiratory  organs  of  the  air-breathing  and  water-breathiqg  vertebrate 
aoimalsy  and  Itave  here  adverted  to  them  merely  to  iUustrate  the  essential 
distinction  of  those  relations.  In  the  '  Glossary '  appended  to  the  first  volume 
of  my  '  Hunterian  Lectures,'  the  terms  in  question  are  defined  as  follows : — 

**  AjrAifOGUB." — A  part  or  organ  in  one  animal  which  has  the  same  func* 
lioD  as  another  part  or  organ  in  a  different  animaL 

^  HoMOLoouB.** — ^The  same  organ  in  different  animals  under  every  variety 
of  form  and  function  f." 

The  little  'Draco  volans'  offers  a  good  illustration  of  both  relations.  Its 
fore-limbs  being  composed  of  essentially  the  same  parts  as  the  wings  of  a  bird 
are  homologous  with  them ;  but  the  parachute  being  composed  of  different 
parts,  yet  performing  the  same  function  as  the  wings  of  a  bird,  is  analogous 
to  thCTi.  Homologous  parts  are  always,  indeed,  analogous  parts  in  one  sense, 
inasomch  as,  being  repetitions  of  the  same  parts  of  the  body,  they  bear  In 
that  respect  the  same  relation  to  different  animals.  But  homologous  parts 
may  be,  and  often  are,  also  analogous  parts  in  a  fuller  sense,  via.  as  perform- 
ing the  same  functions :  thus  the  fin  or  pectoral  limb  of  a  Porpoise  is  homo- 
logous with  that  of  a  Fifib,  inasmuch  as  it  is  composed  of  the  same  or  answerable 
parts:  and  they  are  the  analogues  of  each  other,  inasmuch  as  they  have  the 
same  relation  of  subserviency  to  swimming.  So,  likewise,  the  pectoral  fin  of 
the  flying-fish  is  analogous  to  the  wing  of  the  Bird,  but,  unlike  the  wing  of 
the  Dragon,  it  is  also  homologous  with  it. 

RelatioDs  of  homolc^y  are  of  three  kinds :  the  first  is  that  above  defined, 
viz.  the  correspondency  of  a  part  or  organ,  determined  by  its  relative  position 
and  connections,  with  a  part  or  organ  in  a  different  animal ;  the  determination 
of  which  homology  indicates  that  such  animals  are  constructed  on  a  common 
type:  when,  for  example,  the  correspondence  of  the  basilar  process  of  the 
human  occipital  bone  with  the  distinct  bone  called  '  ban-occipital '  In  a  fish 
or  crocodile  is  shown,  the  special  homology  of  that  process  is  determined. 

A  higher  relation  of  homology  is  that  in  which  a  part  or  series  of  parts 
stands  to  the  fundamental  or  general  type,  and  its  enunciation  involves 
and  implies  a  knowledge  of  the  type  on  which  a  natural  group  of  animals, 
the  vertebrate  for  example,  is  constructed.  Thus  when  the  basilar  process  of 
the  human  occipital  bone  is  determined  to  be  the  '  centrum '  or  *  body  of  tlie 
last  cranial  vertebra,'  its  general  homology  is  enunciated. 

If  it  be  admitted  that  the  general  type  of  the  vertebrate  endo-skeleton  is 
rightly  represented  by  the  idea  of  a  series  of  essentially  similar  segments 
succeeding  each  other  longitudinally  from  one  end  of  the  bodv  to  the  other, 
such  segments  being  for  the  most  part  composed  of  pieces  similar  in  number 
and  arrangement,  and  though  sometimes  extremely  modified  for  special  func- 
tions, yet  never  so  as  to  wholly  mask  their  typical  character, — ^then  any 
given  part  of  one  segment  may  be  repeated  in  the  rest  of  the  series,  just  as 
one  bone  may  be  reproduced  in  the  skeletons  of  different  species,  and  this 
kind  of  repetition  or  representative  relation  in  the  segments  of  the  same 
skeleton  I  call  *  serial  homology.'  As,  however,  the  parts  can  be  namesakes 
only  in  a  general  sense,  as  centrums,  neurap6physes,  ribs,  &c.;  and  since 

*  Leetores  on  Yertebrata,  1846,  p.  279. 

t  Lectures  on  Invertebrate  Animals,  8vo,  1843.    Glossary,  pp.  374,  379.    My  ingenioos 
and  learned  friend  Mr.  Hugh  Strickland  has  made  a  strong  and  able  appeal  to  the  good 
sense  of  comparative  anatomists  in  favour  of  the  restriction  of  these  terms  to  the  senses 
wbiefa  tbsy  are  here  defined.— Phil.  Mag.  1846,  pp.  358,  362. 
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they  must  be  distinguished  by  different  special  names  aceordiog  to  their  par- 
ticular modifications  in  the  same  skeleton,  as  «.  g.  mandible,  coracoid,  ilium, 
&c.,  I  call  such  serially  related  or  repeated  parts  '  homotypes.'  The  bait- 
occipital  is  the  homotype  of  the  basi-sphenoid ;  or  in  other  words,  when  the 
basi-occipital  is  said  to  repeat  in  its  vertebra  or  natural  segment  of  the  bIlc- 
leton  the  ba^i-sphenoid  or  body  of  the  parietal  vertebra,  or  the  bodies  of  the 
atlas  and  succeeding  vertebrse,  its  serial  homology  b  indicated.  The  study 
of  thb  kind  of  homologies  was  commenced  by  Vicq  d'Azyr,  in  his  ingenious 
memoir  ^  On  the  Parallelism  of  the  Fore  and  Hind  Limbs**  If  we  except 
the  complex  and  extremely  diversified  and  modified  parts  of  the  radiated 
appendages  of  the  vertebral  segments,  to  which  Vicq  d'Azyr  restricted  his 
comparisons,  the  serial  homologies  of  the  skeleton  are  necessarily  demon- 
titrated  when  the  general  and  special  homologies  have  been  determined. 

In  the  present  section  of  this  Report  I  propose  to  consider  some  of  those 
examples  of  special  homology  which  are  least  satisfactorily  determined  and 
respecting  which  different  opinions  still  sway  different  anatomists.  Such 
instances  are  fortunately  few,  thanks  to  the  persevering  and  successful  labours 
of  the  great  comparative  anatomists  of  the  last  half-century :  pre-eminent 
amongst  whom  will  ever  stand  the  name  of  Cuvier,  in  whose  classical  works, 
*  Ossemens  Fossiles,'  ^Histoire  des  Poissons,' '  Le9ons  d'Anatomie  Compart ' 
(posthumous  edition),  and  '  Rdgne  Animal,'  18^,  will  be  found  the  richest 
illustrations  of  the  special  hbmological  relations  of  the  bones  in  the  four  classes 
of  vertebrate  animals. 

Second  only  to  Cuvier  must  be  named  Gboffrot  St.  Hilairb»  whose 
memoir  on  the  Bones  of  the  Skull  in  Birds  as  compared  with  those  in  Mammals, 
in  the  *  Annales  du  Mus6um,  tx.  (1807),  forms  an  early  and  brilliant  example 
of  the  quest  of  special  homologies,  which  could  not  fail,  with  other  and  similar 
investigations  of  the  same  ingenious  author,  to  impart  a  stimulus  to  that 
philosophical  department  of  anatomical  inquiry  *.  In  regard  to  the  osteology 
of  the  crocodile,  we  find  Cuvier  and  Geoffrey  engaged  in  a  long  parallel  series 
of  rival  researches,  the  results  of  which  have  had  the  happiest  effects  in  de- 
termining some  of  the  most  difficult  questions  of  special  homology. 

Nor  was  the  co-operation  of  zealous  cultivators  of  comparative  anatomy 
wanting  in  the  eminent  schools  and  universities  of  Germany.  Goethb,  in- 
deed, had  taken  the  lead  in  inquiries  of  this  nature  in  his  determination, in  1787» 
of  the  special  homology  of  that  anterior  part  of  the  human  upper  maxilUiry 
bone  which  is  separated  by  a  more  or  less  extensive  suture  from  the  rest  of 
the  bone  in  the  foetus ;  and  the  philosophical  principles  propounded  in  the 
great  poet*s  famous  anatomical  essays  called  forth  the  valuable  labours  of  the 
kindred  spirits,  Oken,  Bojanus,  Meckel,  Carus,  and  other  eminent  culti- 
vators of  anatomical  philosophy  in  Germany. 

It  is  not  requisite  for  the  purpose  I  have  in  view,  to  trace  step  by  step  the 
progress  of  the  special  homological  department  of  anatomy.  Its  present 
state,  as  regards  the  skull  of  the  Vertebrata,  will  be  best  exposed  by  the  sub- 
joined tabular  view  of  the  fruits  of  the  latest  inquiries. 

Table  I.    (See  end  of  the  Report) 

This  table  gives  at  one  view  the  general  results  of  the  researches  into 
the  conformity  of  structure  of  the  skull  throughout  the  vertebrate  series, 

9  m 

*  Oken's  famous  "  Prognunm,  Uber  die  Bedeutung  der  Schadelknocheii"  was  published 
in  the  same  year  (1807)  as  Geoflh>y'8  Memoir  on  the  Bird's  skull;  hut  it  is  devoted  less  to 
the  determination  of '  special '  than  of '  general  homologies ' :  it  has,  in  fact,  a  much  higher 
aim  than  the  contemporary  puhlication  of  the  French  anatomist,  in  which  we  sedc  in  vain 
for  any  glimpM  of  ^'  ^lations  of  the  bones  of  the  skull,  the  discovery  of  which 

has  conferred  imr  \me  of  Okbn. 
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by  the  two  great  French  aoalomistt  who  have  most  adTanced  thb  part  of 
Oitoologieal  adenoe;  by  the  authon  of  two  classical  German  works  on 
Coatpamtive  Anatomy;  and  by  their  countryman  Dr.  Hallmann,  who  has 
iktsiltHJ  in  an  elaborate  treatise  his  especial  investigations  of  some  of  the  most 
difficult  parts  of  this  difficult  inquiry.  I  have  added  the  synonyms  of  the 
bones  of  the  head  of  fishes  from  the  great  work  of  the  celebrated  Swiss  na- 
toialist,  who  has,  so  happily  for  ichthyology,  devoted  himself  to  the  advance- 
ment of  that  interesting  branch  of  Natural  History  ;  and  alsot  the  anthropo- 
tomieal  terms  for  the  corresponding  parts  in  the  human  skeleton.  These, 
after  much  comparison  and  deliberation,  1  have  chosen  from  the  justly-cele- 
brated work  of  SosMMBRRiMG,  the  high  reputation  of  which  has  been  sanc- 
tioned by  the  new  edition  to  which  some  of  the  most  eminent  of  the  German 
professors  of  anthropotomy  and  physiology  have  recently  devoted  their  com- 
bined labours.  The  English  teacher  of  Uiese  sciences  will  find  some  of  the 
descriptive  designations  of  the  parts  by  Soemmerring  not  agreeing  with 
those  which  he  may  be  in  the  habit  of  using,  and  which  are  current  in  the 
later  Manuals  of  Anthropotomy  published  in  this  country :  the  *  ossa  la- 
teralia  lingnaiia'  are  more  commonly  called,  with  us,  the  '  comua  miyora 
omB  hyoidei' ;  the  *  os  spheno-occipitale'  is  generally  described  as  two  di- 
stinct bones,  the  'os  occipitis'  and  *os  sphenoide';  the  'pars  occipitalis 
stricte  sic  dicta,'  &c  is  sometimes  called  '  squama  occipitalis,'  or  occipital 
plate ;  and  other  synonyms  might  easily  be  multiplied  from  the  osteolo- 
gical  treatises  of  Monro  and  later  authors  of  repute.  The  fact  of  such  a 
oonfiicting  and  unaettied  synonymy  still  pervading  the  monographs  relating 
to  the  human  structure,  should  stimulate  the  well-wisher  to  the  right  progress 
of  anatomy  to  lend  an  earnest  aid  to  the  establishment  of  a  fixed  and  deter- 
minate nomenclature.  A  littie  present  labour  and  the  example  of  adoption, 
where  the  reasonableness  and  necessity  of  the  reform  are  plain  and  undeni- 
able, will  much  accelerate  the  future  progress  of  anatomical  science ;  and  I 
woald  respectfully  appeal  to  the  Professors  and  Demonstrators  of  Human 
Anatomy  for  an  unbiassed  consideration  of  the  advantages  of  the  terms  pro- 
posed in  the  first  column  in  Table  I.  It  is  designed  to  express  the  results  of 
a  lofog  aeries  of  investigations  into  the  special  homologies  of  the  bones  of  the 
head,  in  simple  and  definite  terms,  capable  of  every  requisite  inflection  to 
expreaa  the  properties  of  the  parts,  and  applicable  to  the  same  bones  from 
the  highest  to  the  lowest  of  the  vertebrate  series. 

The  degree  and  extent  of  the  diversity  of  my  determinations  from  those 
of  other  anatomists  are  shown  in  the  succeeding  columns,  headed  by  their 
Dames ;  and  I  proceed  now  to  give  the  reasons  which  have  compelled  me,  in 
such  instances,  to  dissent  from  tibe  high  authority  of  Cuvier,  GeofiTroy,  Meckel, 
Hallmann  and  Agassiz :  these  reasons  will  exonerate  me,  I  trust,  from  the 
reproach  of  underrating  their  jusUy-esteemed  opinions,  which  have  been 
abandoned  only  where  nature  seemed  clearly  to  refuse  her  sanction  to  them. 
The  instances  of  such  dissent  are  much  fewer  than  they  appear  to  be  at  first 
sight.  In  most  cases,  where*  the  names  differ,  the  determinations  are  the 
same.  For  '  basilaire,^  which  Cuvier  exclusively  applies  to  the  '  pars  basilaris' 
of  the  occiput,  and  which  Geoffrey  as  exclusively  applies  (in  birds)  to  the 
*  pars  basihuris'  of  the  sphenoid,  I  have  substituted  the  term  *  basioccipital' 
(ban-occ^nicUef  Lat.) ;  a  term  which,  as  it  is  more  descriptive  of  the  bone  in 
question  (i  figs.  1  to  25),  will,  perhaps,  be  the  more  acceptable  to  those 
who  {Hefer  a  determinate  to  a  variable  nomenclature,  since  Cuvier  himself 
iutt  almost  as  frequentiv  applied  to  that  bone  the  term  *  occipital  inf6rieur' 
as  the  term  '  basilaire.  For  the  descriptive  phrase  *  occipital  lateral,'  the 
term  'exoccipital'  (exoodpUaleflsL)^  proposed  by  Geoffrey,  is  preferable  for 
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Fig.  1. 


D  it  is  ID  like  manner  detMjhad 
inapplicability  or  the  ti 


the  bones  t,i,  figs.i  to  25;  Mpecially  aince  the  puoccipital  is  the  moat  'lateral* 
of  the  elements  of  the  occipital  bone,  in  the  definite  aen«e  in  which  the  temi 
*  lateral*  is  used  in  the  precise  and  excellent  anatomical  nomenclature  of 
Dr.  Barclay.  For  the  numerous  syno- 
nyniB  borne  by  the  elements  of  the  oc- 
cipital segment  of  the  skull,  the  term 
'supraoccipital'  (tupra-occipUak,  Lat) 
seemed  to  best  agree  with  the  truest  de- 
scriptiTe  phrase  of  the  part,  vii.  <  occipital 
sup^rieur.'  The  interparietal  b  no  con- 
stant cranial  element,  nor  is  it  a  dismem- 
bennent  of  one  and  the  tame  bone  of  the 
skull.  It  is  at  best  only  the  largest  and 
most  common  of  the  accidentally  interca- 
lated 'ossa  wormiana.'  Sometimes,  for 
example,  in  the  C'ebui  monkey,  it  is  a 
dlmeraberment  of  the  backwardly-pro- 
duced  frontal  bone;  more  frequently  it  is 
the  detached  upper  angle  of  the  supra- 
occipital.  But  by  this  term  '  aupiiioccini- 
tal,'  I  signify  the  totality  of  the  bone  i  (in 
Sgs.  1,  5,  18,  2i,  23,  24,  25),  confining 
the  term  interparietal  to  its  superior  and  " 
anterior  apex  when  detached,  or  to  the 
superior  and  posterior  apex  uf  the  frontal,  y 
and  wedgeil  between  the  parietal  bones.    T 

terpariebal '  to  the  whole  of  the  supnoccipital  is  itrongly  manifealed  in  thoae 
fiibes,  t.ff.  the  carp  and  tench,  in  which  the  supraoccipital  is  withdrawn  fran 
between  the  parietals  to  the  bock  part  of  the  skull,  leaving  those  bones  to  oome 
into  ooataot  and  unite  by  the  normal  sagittal  suture  on  the  mesial  line  of 
the  vertex.  Geofftoy'a  error  is  of  the  same  kind,  and  scarcely  (greater  than 
Cuvier's,  where  he  applies  the  term  'interparietal'  to  the  whole  of  the  parietsl 
bonea  in  Birds*.  The  supraoccipital  thus  defined  can  never  be  mislakeD  for 
the  '  sar-occipital'  of  Geoffrey,  who  by  this  term  signifies  the  elements  caUed 
'occipitaux  extemes' by  Cuvier.  At  the  same  time  the  term  'sur^ocdpital' is 
too  near  in  sound  to  '  supraoccipital,'  and  too  significant  of  the  highest  port  of 
the  occipital  a^ment  to  be  retained  for  elements,  which,  like  the  '  puroocipi- 
tals'fflg.  1,4,4),  are  usually  inferior  in  position  to  thesupraoccipitaL  Geofl^y. 
moreover,  is  not  conststeDt  in  bis  application  of  the  term  '  sur>occi[ntaL'  In 
his  memoir  on  the  skull  of  the  crocodile  in  the  '  Aonales  des  Sdeneca'  for 
1 824<,  he  applies  that  term  to  a  part  of  the  bonet>  the  wtttrie  of  which  he  caUa 
'exoccipital '  in  his  later  memoir,  on  the  skull  of  the  crocodile,  of  ISSS^  ; 
whilst  in  the  memoir  illustrated  by  the  skull  of  the  Sea-perch  ^Stmmtu 
gigtu)  in  the  <  Annales  dee  Sciences'  for  1825,  the  term  ' surocdpital'  is  ap- 
plied to  the  whole  of  the  bones  described  as  '  occipitaux  extemes'  by  Cmier. 
I  trust,  therefore,  to  have  shown  the  necessity  for  the  definite  name  of 
'paroccipital'  (jHiroectpifaJe,  L^t.)  which  is  here  proposed  for  the  dementa,  4, 
(k  the  occipital  segment  of  the  cranium  (figs,  i  and  5).  The  name  has  re- 
ference to  the  general  homol<^  of  the  bonea  in  question,  as  *parapophjaea' 
or  transveiTC  processes  of  the  occipital  vertebra.  And  if  the  purists  who  are 
diitreased  by  such  harmlew  hybrids  as  'mineralogy,'  'terminology'  and  *mam- 

*  Anniln  da  Mnt^nm,  x.  p.  363,  pi.  27, 

t  FL  16.  flg.  Sf-fR.  "  Plor-ocdintal  formf  da  inr-ocdirital  et  de  I'ei-ocdinttL'' 

X  lUmoiTci  do  ■'  -ks  SdcDccs,  t.  lii.  Atlas,  p.4S. 
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toiiogj,'  thoold  protest  agaiiut  ths  combinadon  of  the  Greek  prefix  to  the 
Latia  noon,  I  cm  only  plead  that  serrility  to  a  particular  source  of  the  Buc- 
tnating  aounda  of  Tocal  language  U  a  matter  of  taste ;  and  that  it  iteeau  no 
nndpaaonable  privilege  to  use  such  elements  aa  the  Berrantt  of  thought; 
and,  in  the  interests  of  science,  to  combine  them,  even  though  they  come  from 
different  countries,  where  the  required  duty  is  bat  and  moat  expeditiously 
performed  by  such  association. 

For  the  same  motirc  that  suggeoled  the  term  basi-oocipital,  via.  beeauM 
the  anthropotomist  has  been 

long    accustomed    to    hear  '''E*  "• 

that  and  the  corresponding 
element  of  the  sphenoid 
bone  described  as  '  basilar 
proceases,'  I  propose  to  sub- 
stitute the  term  '  basisphe- 
noid*  (6aM^pAeiiouIntm,LaL  ) 
for  the  three  different  de- 
scriptive phrases  applifd  to  , 
the  part  (*,  figs.  2, 5, 1 9,&c) 
by  Cuvier,  for  the  two  ad- 
ditional synonyms  of  Geof- 
froy,  and  for  the  '  aphenoi- 
deumbasilare'of  Hallmann. 
'  Alispheooid*  (alUp&ttioi- 
(fawM,  Lat.,  a,  a,  figs.  2. 5,  ]  9, 
&c.}aeemed  to  retain  most  of 
the  old  anthropu  torn  ical  term 
of*  alas  majores,'  or  wings '  par  excellence'  of  the  os  sphenoideum ;  as  '  orbito- 
spbenoid'  (tfrMo-spAatoiiiaim,  i*,  is,  Rgt.  3  and  20)  best  recalls  or  expresses 
the  idea  conveyed  by  the  descriptive  phrase  '  alat  orbitales,' or  'aileiorbi- 
taires,'  often  applied  to  the  homologous  bones,  regarded  as  proceasea  of  the 
sphenoid  in  human  anatomy.  Herei  however,  in  reference  to  the  alisphenoidi 
we  find  the  first  marked  discrepancy  in  the  conclusions  of  the  anatomista 
who  have  pailiculariy  studied  its  special  homologiea.  The  bone  which  mj^ 
peais  M  the  'grande  aile  du  sph^nolde'  to  Curier  and  Agasua  in  fishes,  ia 
the  *  petroaura  to  Hallmann  and  Wagner ;  it  is  also  '  rocber'  (petrosal)  to 
CuTier  himself  in  reptiles,  and  is  agwn  '  grande  aile  du  sphinolde'  in  birds 
and  mammals.  The  reasons  which  have  ted  me  to  the  conclusion  that  the 
bonea  so  denominated,  aa  well  as  the  '  pt£real'  and  '  pr£mpeal'  of  Geoffroy, 
are  bomologously  one  and  the  same,  are  so  intimately  linked  with  the  con- 
ndenriioa  of  the  true  petrosal  and  of  other  elements  of  the  anthropotomist'a 
'temporal  bone,*  that  I  reserve  the  discussion  of  these  questions  until  I  have 
ooBpleted  the  apcdogy  for  the  name*  proposed  in  the  first  column  of  Table  I, 

Tbe'parietal'0xiriefi)^Lat.,T.i,6ga.2,5, 19,  &c.)and  ■  mastoid ' (mofftn. 
rfnw,  Ti*t ,  s,  s,  figs.  2, 5, 19,  Src)  are  amongst  the  few  bones  that  have  had 
the  good  fortune  to  receive,  originally,  definite  names,  applicable  to  then 
throogbont  the  vertebrate  series;  although  the  mastoid,  being  like  the  par- 
oecipital,  essentially  a  parapophysis,  loses  its  individuality  sooner  than  do 
other  bones  of  its  s^ment,  and  becomes,  therefore,  a  '  processus  mastoideus 
osiia  temporis,'  in  the  language  of  anthropotomy.  The  homology  of  tha 
'parietal'  baa  fortunately  been,  with  a  single  exception,  universally  recc^ 
nised  throughout  the  vertebrate  subkingdom  ;  the  exception  being  furnished 
by  the  eccentric  homologist  Geofih)y,  who  is,  as  uaual,  inconsistent  with 
himaelfi  even  on  this  plain^t  and  least  mistakeable  point. 


nUlC  or  mii>.t|Ulc(>l  u^  Th 
ibehisd;  Cod-flih. 
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The  term 'pTe8phenoid'(pr«ipA«fl 


1,  Lat.0,fig<.3, 5, 90,24, 25,&c)ia  pro- 


posed Tor  tbe'spb£noIdeatit6rieur,'oDr.he  principle  of  substitutiDgiUthebetter 
instrument  of  Uiought,  a  definite  nnme  for  a  descriptive  phrase.  For  the  same 
reamn  'postfrontaf'  (posifroR' 

taie,  Lat,  n,  it,  figs.  S,5,20,&c.)  ^'S-  3- 

ts  substituted  for  Cuvier's  'fron- 
tal poHt^rieur'  and  its  ajnonyms. 
The  'frontal'  {frontak,  LaL  ii, 
figs.  S,  5,  20,  &c.)  and  '  vomer' 
{vomer,  Cat.,  is,  figs.  4, 5, 20, 25), 
are  among  the  few  bones  trhich 
have  had  their  special  homolo- 
gies rec<^Dt8ed  ananimouslj 
throughout  the  vertebrate  sut^ 
kingdom  ;  in  the  one  case  even 
without  departure  from  the 
original  antbropotomical  namei 
ana  in  the  other,  with  but  a 
single  deviation  from  the  esta- 
blished nomenclature.  But  when 
Geofiroj  was  induced  to  reject 
the  term  '  vomer'  as  being  ap- 
plicable onlf  to  the  peculiar 
form  of  the  bone  in  a  small 
proportion  of  the  vertebrata,  he 
appears  not  to  have  considered 
that  the  old  term,  in  its  wider 
application,  would  be  used  with- 
out reference  to  its  primary 
allusion  to  the  ploughshare,  and 
that  becoming,  as  it  has,  a  purely  arbitrary  tenn,  it  is  superior  and  prefer- 
able to  any  partially  descriptive  one.  '  Rhinosph6nal,'  it  is  true,  recalls  the 
idea  of  the  vomer  forming  the  conlinuatioQ  in  the  nasal  segment  of  the  skull 
ofthebasi-andpre-sphenoidalseriesof  bonesinothersegments;  but  'vomer,' 
nsed  arbitrarily,  summons  equally  every  idea  derived  to  form  the  complex 
whole  from  the  general  study  of  the  bone  throughout  the  vertebrate  series. 
'Prefrontal'  {prdrmUale,  Lat.,  m,  14, 
figs.  4,  5,  21,  ie.)  claims  the  same  pre- 
ference over  anterior  frontal,  and  its 
for«gD  equivalents,  as  does  postfrontal 
over  its  synonymous  phrases.  There  is 
also  another  reason  for  proposing  the 
term  ;  vii.  because  it  is  applied  to  bones 
in  the  vertebrate  series  generally,  accord- 
ing to  conclusions  as  to  their  homologi- 
cal  relations,  which  differ  from  those  to 
which  Cuvier  and  Geoflroy  had  arrived. 
The  discussion  of  the  discordant  deno- 
minations at  present  applied  to  this  im- 
portant dement  of  the  skull  will  be  fully 

carried    out    in    the  sequel.      'Nasal'  DiiBtituiued AbaMcpk^, « 
(muale,  is,  figs.  4,  5, 21,  &c)  is  another 
of  the  few  instances  in  which  it  is  possible  to  retain  and  generally  apply  ao 
M  and  rec^-vwl  <»<U)ropotomieal  term.     No  one,  it  is  presumed,  will  con- 


'ftwtd  sdh  Tbwof 


Fig.*. 
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tend  for  the  perpetual  expreMion  or  iiuertioii  of  the  understood  generic  word 
*bone'  or  *os'  in  this  case  any  more  than  in  the  parietal,  frontal,  &€•,  which, 
from  being  originally  specific  adjectives,  have  been  property  and  conveni* 
entiy  converted  into  definite  nouns. 

Id  conformity  with  this  mode  of  acquiring  an  improved  as  well  a8pl)rief 
and  precise  expression  of  anatomical  facts,  I  have  substituted  for  'pars  petrosa' 
or  *  OS  petrosum'  the  substantive  term  'petrosal*  (Lat./Mifroniiii,figs«  5, 25, 16). 
The  necessity  for  some  such  designation  for  an  essentially  and  often  physically 
distinct  bone  in  the  vertebrate  skull  has  been  felt  by  both  Cuvier  and 
Geofiroy,  when  they  respectively  proposed  the  names  'rocher'  and  *  ruphl* 
for  the  element  in  question.    *  Petroiwl'  has  appeared  to  me  to  be  the  best 
English  equivalent  of  Cuvier*s  '  rocher* ;  as  containing  the  most  character- 
istic vocable  of  the  old  anthropotomical  descriptive  phrase  'pars  petrosa 
ossis  temporis,*  &c    *  Rup^'  unfortunately  has  no  determinate  meaning :  it 
is  applied  by  its  author  with  certain  prefixes  to  several  distinct  bones,  which 
already  had  their  proper  names.  *  Sderotal'  {ickroiaUy  Lat.,  figs.  5, 22, 23, 17) 
for  '  oasicula  seu  laminae  ossese  membranse  Icleroticse,'  is  proposed  on  the  same 
grounds  as  exoccipital,  post  frontal,  &c^  viz.  the  substitution  of  a  name  for  a 
phrase.    The  sderotals  have  not  been  usually  included  amongst  the  bones  of 
the  head,  though  they  have  preci&ely  the  same  cUiims  to  that  rank  as  the  pe« 
trosals,  or  other  bony  capsules  of  the  organs  of  special  sense.     Retaining  the 
old  anthropotomical  term  '  ethmoid,*  I  restrict  its  application  to  the  very  irre* 
gular  and  inconstant  developments  of  bone  in  the  cartilage  or  membrane 
which  is  applied  to  the  anterior  outlet  of  the  cranium  proper,  for  the  support 
or  defence  of  the  cranial  part  of  the  organ  of  smell.  The  '  ossa  turbinata  supe- 
riora,'  and  the '  cellulae  fethmoidese'  are  parts  of  the  capsule  of  that  sense,  ex* 
tensively  developed  in  the  mammalia,  to  which  the  term  ethmoid  may  properly 
apply ;  but  they  must  always  be  distinguished  from  the  modified  though  con- 
stant neurapophyses  of  the  nasal  vertebra,  called  '  prefrontals,'  with  which  the 
above  developments  of  the  olfactory  capsule  usually  coalesce  in  birds  and  mam- 
mals. '  Turbinal '  {turbinale^ Lat.,figs. 5, 25, 1 9),  like  petrosal,  is  a  substitute  for 
the  phrase  'os  turbinatum  inferius,'  and  its  synonym  'os  spongiosum  inferius.' 
'  Peilatine'  (pakUmumj  Lat.,  ib.  so)  is  another  of  the  few  fortunate  instances 
of  the  general  recognition  of  the  homologous  bone  throughout  the  vertebrate 
kingdom,  with  the  further  advantage  of  a  steady  retention  of  a  good  old  name. 
'  Maaallary'  {maxUla^  Lat.,  t6.  si)  is  a  similar  instance ;  but  Geoflroy,  as 
usual,  makes  himself  singular  by  adding  an  uncalled-for  synonym.    If 
Soemmerring*s  term  'mandibula'  for  the  lower  jaw  were  universally  adopted 
and  constantiy  understood  to  signify  the  totality  of  that  part  of  the  tympano- 
mandibular  arch  throughout  the  vertebrate  series,  it  would  be  unnecessary 
to  encumber  '  maxilla'  with  the  distinctive  epithet '  superior,'  which,  indeed, 
expresses  a  character  peculiar  only  to  Mao  and  a  few  mammalia :  in  the  ver- 
tebrate aeries  the  '  maxilla'  b  more  commonly  anterior  than  superior  to  the 
'  mandibuku' 

I  have  adopted  the  term  '  premaxillary '  {premaxiUare^  Lat.  ib,  n),  as  used 
by  M.  de  Bbdnville  and  some  other  distinguished  continental  osteologists,  in 
preference  to  '  intermaxillary ;'  because  that  term  has  already  been  applied 
(by  Schneider)  to  another  bone  of  the  skull  (the  tympanic  in  birds),  of  which 
it  is  more  accurately  descriptive,  than  it  is  of  a  bone  which  is  more  com- 
monly before  than  between  the  maxillary  bones.  '  Entopterygoid'  (entoptery" 
ffoidewn,  Lat)  claims  preference  to  the  phrases  'pt6rygoide  interne'  of  Cuvier 
and  Agassiz,  on  the  same  logical  grounds  as  have  already  been  urged  in  favour 
of  *  exoccipital,' '  prefrontal,'  &c.  But  I  have  also  another  reason  for  pro- 
posing a  definite  term  for  the  bone  ss,  fig.  5,  which  I  regard  as  a  peculir 
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ichthyic  development  Cuvier  has  applied  the  term  ^pt^rygolde  loterne' 
to  another  part  of  the  diverging  appendage  of  the  palato-maxillary  arch, 
which  party  I  concur  with  Dr.  Kostlin  in  regarding  as  homologically  distinct 
from  the  ^entopterygoid'  of  fishes.  For  the  part  in  question,  viz.  the  'o« 
transverse'  of  Cuvier  in  the  skull  of  fishes  (s4»  fig.  5)«  and  its  homologue  in 
reptiles,  which  he  calls  ^  pt^rygoldien  interne'  (m,  fig.  22),  I  retain  the  term 
^pterygoid'  (pierygoideumj  LAt),  meaning  pterygoid  proper:  and  to  the 
bone  which  Cuvier  calls  'transverse'  in  reptiles  (94',  fig.  22),  I  apply  the 
term  ^ectopterygoid'  (eetopierygaideumf  Lat.) ;  but  this,  as  the  table  demon- 
strates, does  not  signify  Cuvier's  *os  transverse'  in  the  skull  of  fishes.  £n- 
topterygoid,  pterygoid  and  ectopterygoid,  have,  therefore,  both  the  advantages 
of  substantive  terms,  and  of  being  applied  steadily  each  to  a  distinct  bony 
element.  The  *  h^riss^al  *  of  Geoffrey,  like  the  *  pt^rygoide  interne'  of  Cuvier, 
means  one  thing  in  a  fish  and  another  in  a  crocodile ;  Geoffrey  has  also  en- 
cumbered the  latter  bone  with  a  third  synonym.  '  Malar'  (nutiare  or  oi  malte^ 
Lat.)  is  preferable  to  *  jugal,'  because  Cuvier  applies  that  name  to  one  bone 
in  a  fish,  to  another  in  a  mammal,  and  to  two  essentially  distinct  though 
coalesced  bones  in  a  bird.  Malar  is  also  the  name  most  commonly  applied 
by  English  anthropotomists  to  the  bone,  to  the  true  homologue  of  which  I 
would  restrict  its  application  throughout  the  vertebrate  series. 

With  regard  to  the  '  squamosal'  {sqtiamotumy  Lat.  pars  squamosa,  &C.,  figs* 
22-25,  sr),  it  may  be  asked  why  the  term  '  temporal'  might  not  have  been  re- 
tained for  this  bone.  I  reply,  because  that  term  has  long  been,  and  is  now  uni- 
versally, understood  in  human  an&tomy  to  signify  a  peculiarly  anthropotomical 
coalesced  congeries  of  bones  which  includes  the '  squamosal  together  with  the 
*  petrosal,'  the  *tympanic,'  the  *  mastoid,'  and  the  *stylohyal.'  It  seems  prefer- 
able, therefore,  to  restrict  the  signification  of  the  term '  temporal'  to  the  whole" 
(in  Man)  of  which  the  '  squamosal'  is  a  part  To  this  part  Cuvier  has  unfor- 
tunately applied  the  term  '  temporal'  in  one  class  and  * jugal'  in  another :  and 
he  has  also  transferred  the  term  *  temporal'  to  a  third  equally  distinct  bone  in 
fishes;  whikt  to  increase  the  confusion,  M.  Agassiz  has  shifted  the  name  to  a 
fourth  different  bone  in  the  skull  of  fishes.  Whatever,  therefore,  may  be  the 
value  assigned  to  the  arguments  which  will  be  presently  set  forth,  as  to  the  spe- 
cial homologies  of  the  *  pars  squamosa  ossis  temporis,'  I  have  felt  compelled  to 
express  the  conclusion  by  a  definite  term,  and,  in  the  present  instance,  have 
selected  that  which  recalls  best  theaccepted  anthropotomical  designation  of  the 
party  although  <  squamosal'  must  be  understood  and  applied  in  an  arbitrary- 
sense,  and  not  as  descriptive  of  a  scale-like  form,  which,  in  reference  to  the  bone 
so  called,  is  rather  its  exceptional  than  normal  figure  in  the  vertebrate  series. 

The  term  *  tympanic'  {tympaniewn^  Lat)  appears  to  have  received  the  most 
general  acceptance  as  applied  to  that  bone  which  the  earlv  omithotomists  have 
called  *os  qaadratum'  and  *  os  intermaxillare,'  (fig.  23,  ss)  and  which  as  a  pro- 
cess of  the  human  temporal,  sometimes  called  'external  auditory,'  supports  the 
tympanic  membrane  (fig.  25,98).  'Caisse'  is  the  French  and  'pauke'  the  Ger- 
man equivalent ;  but  Cuvier  more  commonly  uses  the  phrase  *  os  tympanique.' 
The  chief  point,  in  reference  to  that  term,  as  applied  by  Cuvier,  from  which 
I  find  myself  compelled  to  dissent  from  the  great  and  ever-to-be>revered 
anatomist,  relates  to  the  view  which  he  has  taken  of  the  large  and  long  pe- 
dicle which  supports  the  mandible  in  fishes,  and  which,  in  that  class,  is  sub- 
divided into  sometimes  two,  sometimes  three,  and  commonly  into  four  pieces. 
I  regard  this  subdivision  of  the  elongated  supporting  pedicle  as  explicable 
chiefly,  if  not  solely,  by  reference  te  a  final  purpose,  viz.  to  combine  strength 
with  a  certain  elastic  yielding  and  power  of  recovery,  in  the  constant  and 
powerful  movements  to  which  it  is  sulgect  in  the  transmission  of  the  reqn- 
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rUcry  eDirenis,  and  in  the  prebentimi  and  deglutition  of  the  food.  CnTier 
himself  regards  in  the  same  light  the  analogous  sabdivision  of  the  mandibular 
or  lower  half  of  the  arch,  and  both  Conybeare*  and  Bucklandf  have  well 
illustrated  the  final  purpose  which  the  subdivision  of  the  lower  jaw  of  the 
Crocodile  into  overlapping  pieces,  subserves.  Cuvier  has  given  distinct  and 
convenient  names  to  these  several  pieces  of  the  mandible,  but  he  views  them 
collectively  as  answering  to  the  simple  mandible  uf  the  mammal  and  the  bird. 
1,  in  like  manner,  regard  the  subdivided  pedicle  supporting  the  mandible  in 
fishes  as  answering  to  the  undivided  pedicle  supporting  the  mandible  in  ophip> 
dians,  lizards  and  birds.  There  iS  the  same  necessity  or  convenience  for  a 
distinct  name  to  each  distinct  part  of  the  tympanic  pedicle,  or  upper  part  of  the 
tympano- mandibular  arch,  as  for  the  divisions  of  tlie  mandible  or  lower  part  of 
that  arch.  But  Cuvier  unfortunately  persuaded  himself  that  the  subdivisions 
of  the  tympanic  pedicle  in  fishes  represented  other  bones  in  higher  vertebrates 
besides  the  tympanic,  and  applied  to  them  the  names  of  such  bones.  I  have 
been  compelled,  therefore,  in  dissenting  from  this  view  to  propose  new  names 
for  the  peculiar  ichthyic  subdivisions  of  the  tympanic,  and  in  doing  so  I  have 
been  caiieful  to  retain  the  dominant  term,  and  to  distinguish  the  parts  by 
prefixes  indicative  of  their  relative  position.  Time  and  the  judgement  of 
succeeding  homologists  will  determine  the  accuracy  or  otherwise  of  this 
view ;  anc^  should  it  be  ultimately  adopted,  I  feel  goeat  confidence  that  the 
terms  'epitympanic'  (jepUxfti^panicum^  Lat,  fig.  5,  ssa),  mesotympanic  (meso- 
tympameumj  vb)j  pretympanic  {pretympanieum^  ue)  and  hypotympanic 
{hypolympanicumi  sm/),  will  be  preferred  to  the  names  proposed  by  Geofiroy 
St.  Hiiaire  for  the  same  parts.  With  legard  to  the  subdivisions  of  the  man- 
dible in  cold-blooded  vertebrates,  I  adopt  most  of  those  proposed  by  Cuvier. 
As,  however,  *  operculaire '  had  been  applied  by  the  great  anatomist  to  a 
distinct  bone  in  fishes,  it  was  necessary,  in  order  to  avoid  its  use  in  a  double 
sense,  to  substitute  a  distinct  name  for  the  part  of  the  jaw  in  question,  and  as 
it  is  always  applied,  like  a  surgeon's  splint  or  plaster  to  the  inner  side  of  most 
of  the  other  pieces,  that  of  *  splenial'  (tpUnutm^  Lat.,  figs.  22,23,  si)  suggested 
itself  to  me  as  the  most  appropriate  name.  For  an  obvious  reason  I  have 
restored  the  term  '  ooronoid'  (coroncideumy  si')  in  place  of  *  complementary/ 
for  the  piece  into  which  the  crotaphite  muscle  is  always  more  or  less  inserted 
in  the  mandible  of  reptiles.  There  imo  ground  for  disturbing  the  appropriate 
oamea  given  by  Cuvier  to  the  parts  of  the  diverging  appendage  of  the  tym- 
pano-muidibular  arch  in  fishes;  and  the  same  principle  which  he  has  adopted 
in  distinguishing  the  different  opercular  bones  (fig.  5,  st-sr),  has  guided  me 
in  naming  the  different  parts  of  the  bony  pedicle  which  supports  them. 

I  have  gladly  adopted  as  many  of  the  well-devised  terms  which  GeoffW>y 
propoeed  for  the  elements  of  the  hyoid  arch,  as  his  unsteadiness  in  their  ap- 
pfieation  would  permit  to  be  retained.  They  are  obviously  preferable  to  the 
descriptive  phrases  by  which  Cuvier  designates  the  homologous  parts. 

The  substantive  terms  applied  to  the  corresponding  divisions  of  the  bran- 
chial arches  have  been  modelled  on  those  of  the  hyoid  system ;  but  I  have 
deviated  in  one  instance  from  the  rule  which  has  governed  throughout  my 
Domenclature  of  the  bones,  in  proposing  a  second  name  for  a  modified  homo* 
iogue  in  the  air-breathing  animals,  of  a  part  of  the  branchial  apparatus  in 
fishes,  via.  that  part  which  is  retained  even  in  the  human  hyoid,  and  which 
is  known  in  anUiropotomy  as  the  *  os  laterale  linguale,'  or  '  cornu  majus  ossis 
hyoidm ;'  for  this  part  I  have  proposed  the  name  *  thyrohyal/  for  the  reasons 
assigned  in  the  note  (2)  to  Table  I. 

The  naoMs  assigned  to  the  bones  of  the  scapular  arch  (figs.  5, 22, 2S,  24, 25| 

*  Cto(^.  Tkaas.,  voL  v.  p.  566.  f  Bridgewater  Trsatiic,  voL  i.  p.  176. 
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23y  o«--ss)  and  its  appendages  (t6.  si-te)  agree  so  closely  with  those  which 
they  have  always  borne  as  to  require  no  explanation  here.     The  chief 
surprise  of  the  anthropotomist  will  be  occasioned  by  their  being  included 
amongst  the  bones  of  the  head.     That  the  upper  or  pectoral  extremity 
and  its  supporting  arch  form  actually  integrant  parts  of  the  occipital  seg- 
ment of  the  skull,  will  be  proved  in  the  memoir  on  the  general  homologies 
of  the  bones  of  the  head.    I  may,  here,  however,  in  reference  to  the  terms 
*  ulna*  and  '  radius,'  request  the  anatombt  to  compare  the  skeletons  of  the 
perch  or  cod  with  that  of  the  porpoise.    The  pectoral  extremity  is  in  the 
form  of  a  fin,  and  in  both  fish  and  marine  mammal  it  is  applied,  in  a  state  of 
rest,  prone  to  the  side  of  the  trunk ;  in  this  position  it  will  be  seen  in  the 
Delphinus,  that  the  radius  is  downward,  and  the  ulna  with  its  projecting 
olecranon  upwards.  I  take  this  as  the  guide  to  the  homology  of  the  two  bones 
that  support  the  carpal  series  of  the  pectoral  fin  in  fishes.    Cuvier,  however, 
gives  the  name  of  *  cubital,'  perhaps  on  account  of  its  angular  olecranoid 
prolongation,  to  the  lower  bone,  and  *  radial'  to  the  upper  bone:  and  in 
these  determinations  he  is  followed  by  M.  Agassiz.    Both  bones  coalesce 
with  the  supporting  arch  in  the  lophius  and  some  other  fishes ;  and  since,  in 
the  lophius,  two  of  the  carpal  bones  are  unusually  elongated,  Geofiroy  mistook 
these  for  homologues  of  the  radius  and  ulna.    The  condition  of  the  pelvic 
member  or  ventral  fin  is,  in  fact,  here  repeated  in  the  pectoral ;  there  being 
no  homologous  segment  of  thigh  or  leg  interposed  in  any  ventrals  between 
the  supporting  (pelvic)  arch  and  the  fin-rays  representing  the  tarso-nie- 
tatarse  and  phalanges.    The  earlier  stages  in  the  development  of  all  loco- 
motive extremities  are  permanently  retained  or  represented  in  the  paired  fins 
of  fishes.    First  the  essential  part  of  the  member,  the  hand  or  foo^  appears : 
then  the  fore-arm  or  leg ;  both  much  shortened,  flattened  and  expandedy  as 
in  all  fins  and  all  embryonic  rudiments  of  limbs :  finally  comes  the  humeral 
and  femoral  segments ;  but  this  stage  I  have  not  found  attained  in  any  fish. 
It  is  with  considerable  doubt  that  I  place,  qualified  by  a  note  of  interroga- 
tion, Cuvier's  **  troisidme  os  qui  porte  la  nagoire  pectorale"  as  the  homologue 
or  rudimental  representative  of  a  '  humerus.'    Normally,  I  believe  this  proxi- 
mal member  of  the  radiated  appendage  of  the  scapular  arch  not  to  be  di- 
stinctly eliminated  from  that  arch  in  the  class  of  fishes.    The  Siluroids  are 
examples  of  a  similar  confluence  of  the^rst  segment  (preoperculum)  of  the 
diverging  appendage  of  the  tympanic  arch  with  that  arch.    With  regard  to 
the  lower,  distal  or  apical  element  of  the  scapulo-coracoid  arch,  always  the 
largest  bone  of  the  arch  in  fishes,  Cuvier's  idea  that  it  is  the  *  humerus,'  far 
less  accords  with  the  law  of  the  development,  the  connections,  and  the  essen- 
tial nature  of  that  bone,  than  the  more  prevalent  view,  that  it  represents  the 
clavicle:  a  view  entertained  by  Spix,  Meckel,   and  Agassiz,  by  Wagner, 
who  calls  it  *  vordere  Schliisselbein,'  and  by  Geofiroy,  who  calls  it  ^  furculaire.' 
I  have,  however,  been  induced  to  regard  the  lower  element  of  the  scapular 
arch,  in  fishes  (fig.  5>  o«),  as  homologous  with  that  bone,  the  *  coracoid,'  which 
progressively  acquires  a  more  constant  and  larger  development  in  descending 
from  mammals  to  fishes,  and  which  is  manifestly  a  more  essential  part  of  the 
arch  than  the  clavicle,  since  it  is  more  constant  in  its  existence,  and  always 
more  completely  developed  in  birds  and  reptiles ;  and  especially  since  it  con- 
tributes more  or  less  of  the  surface  of  attachment  for  the  radiated  appendage, 
which  the  clavicle  never  does.    With  reference,  also,  to  the  Cuvierian  deter^ 
mination  of  the  haemapophysial  portion  of  the  occipital  inverted  arch  in  fishes, 
this  is  unquestionably  as  essential  an  element  of  the  arch  as  is  the  '  coracolde* 
in  other  vertebrates ;  and  it  is  the  most  important  part  in  the  piscine  class,  in 
no  member  of  which  does  it  present  the  slightest  approach  to  the  character  of 
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a  diverging  appendage,  such  as  the  humerus  essentially  is,  whenever  it  has  an 
iodepeDdent  existence.  By  some  ichthyotomists,  the  bone  which  I  call  cora- 
cold  (h)  has  received  the  special  name  of  *  coenoateon.' 

Caviers  usual  judgement  and  acumen  seem  to  have  been  in  abeyance, 
when,  having  determined  the  rays  of  the  pectoral  fin  to  represent  the  bones 
of  the  hand,  and  the  two  bones  which  support  them  in  fishes  to  be  those  of 
the  fore-arm,  he  concluded  that,  therefore,  the  great  bone  which  completed 
the  scapubr  arch  **  r^pondra  done  n^cessairement  d  Thum^rus." — Hisi.  dts 
PoissonSf  4to.  i.  p.  274.  The  great  anatomist  assigns  no  other  reason :  but 
the  arch  supporting  the  ventral  fin  does  not  necessarily  answer  to  the  tibia 
or  the  femur,  because  neither  of  these  segments  are  interposed  between  the 
arch  and  its  appendage — the  modified  foot*.  The  scapula  of  many  reptiles, 
especially  of  the  batrachia,  is  manifestly,  he  proceeds  to  state,  composed  of 
two  bones.  But  in  those  reptiles  the  arch  is  completed  below  by  a  third 
bone,  which  neither  Cuvier  nor  any  other  anatomist  has  called  '  humerus.* 
NowCuvier's  'humerale'  in  fishes  precisely  answers  to  that  third  bone  in 
reptiles  which  be  rightly  calls  the  'coracoid*  in  that  class. 

The  coracoid  of  fishes  being  thus  determined,  it  necessarily  follows  that 
that  inconstant  bone,  or  pair  of  boi)es  (ss)  posterior  to  it  on  each  side,  cannot 
be,  as  Cuvier,  Geofiroy,  Meckel  and  Agassiz  have  supposed,  the  representa- 
tive of  the  <  OS  coraco'idien*  of  the  reptile  and  bird.  It  holds,  indeed,  as  they 
have  said,  the  same  relative  position  to  the  bone  at,  here  called  coracoid, 
vhich  the  coracoid  iri  the  lizard  and  bird  holds  to  the  clavicle  in  those  ani- 
mals. But  is  no  account  to  be  taken  of  the  remarkably  though  normally  ad- 
vanced position  of  the  scapulo-coracoid  arch  in  fishes?  Granting,  as  I  "shall 
give  evidence  to  prove  in  treating  of  the  general  homologies  of  the  bones, 
that  the  bone  (ss)  called  by  Cuvier  'coraco'idien'  in  fishes  appertains  to  a 
vertebral  segment  posterior  to  the  occipital  one,  yet  in  the  extraordinary  back- 
ward displacement  which  the  true  scapulo-coracoid  arch  undergoes  in  the 
air-breathing  vertebrates,  may  not  its  relative  position  to  that  arch  become 
reversied,  and  the  part  which  is  behind  in  fishes  become  before  in  birds  ?  I 
eDtertaio  no  unmeet  confidence  in  the  correctness  of  my  view  of  the  special 
homology  of  Cuvier  s  '  os  coraco'idien'  in  fishes  with  the  furculum  or  *  clavicle' 
of  air-breathing  vertebrates:  the  argument  against  such  a  view,  from  its  pos- 
terior position  in  fishes,  has  not,  however,  the  same  weight  with  me  as  it  ap- 
pears to  have  had  with  Cuvier  and  his  followers :  and,  leaving  this  as  one  of 
the  undecided  points  in  special  homology,  with  the  proposition  of  the  pro- 
visional name  of  'epicoracoid'  (epicoracfwleum,  Lat)  for  the  bone  in  ques- 
tion, I  proceed  to  consider  other  mooted  points  of  special  homology,  of  which 
there  are  better  and  surer  grounds  for  the  determination. 

The  first  discrepancy,  demanding  special  consideration,  which  meets  the 
eye  in  the  Table  I.  is  that  which  relates  to  the  determination  of  no.  s.  The 
German  authorities  regard  what  I  believe  to  be  the  homologue  of  the  human 
'ala  major  sphenoidalis'  in  the  cold-blooded  Vertebrata,  to  be  the  homologue 
of  the  *pars  petrosa  ossis  temporis.'  Cuvier  recognises  the  'grande  aile  du 
sphenotde'  in  mammals,  birds  and  fishes,  but  regards  my  'alisphenoid'  in 
reptiles  as  the  *  rocher  *  or  *  pars  petrosa.*  Geoffroy  concurs  with  Cuvier  and 
the  German  anatomists  so  far  as  to  view  my  'alisphenoid'  in  the  Crocodile 
>9  a  dismemberment  of  the  petrosal,  calling  it  *  pr6rup6al ;'  but  he  recognises, 
like  Agassiz  and  Cuvier,  the  true  alisphenoid  in  fishes,  and  with  them  differs 
in  that  respect  from  the  German  horaologists.  It  does  not  appear  that  the 
alisphenoid  has  been  mistaken  for  any  other  bone  than  the  petrosal,  and  the 

*  The  great  Linnaeus  indicates  his  appreciation  of  the  homology  of  the  ventral  fins  of 
fishes  by  styling  the  fishes  without,  those  fins  *  Apodal/ 
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question  to  be  determtned,  therefore»  is,  what  are  the  essential  characters  re- 
spectively of  the  *  alisphenoid *  and  the  *  petrosal'  in  the  vertebrate  series? 

Those  of  the  alutphenaid  appear  to  tne  to  be  the  following : — 1st,  its  con- 
nection below  with  the  basisphenoid  and  behind  with  the  petrosal,  where  it 
forms  the  forepart  of  the  '  otocrane'  or  cavity  for  the  reception  of  that  osseous 
or  cartilaginous  immediate  capsule  of  the  labyrinth  or  internal  organ  of  hear- 
ing :  the  alisphenoid  is  also  commonly,  but  not  constantly,  joined  before 
with  the  orbitosphenoid,  and  above  with  the  parietal :  it  has  other  less  con- 
stant connections  with  the  squamosal,  the  exoccipital,  the  supraoccipital  and 
the  basioccipital :  2ndly,  with  regard  to  its  essential  functions,  the  alisphenoid 
protects  more  or  less  of  the  side  of  the  mesencephalon,  or  (in  mammals)  of 
the  middle  lobe  of  the  hemisphere :  it  gives  exit,  by  notches  or  foramina,  to 
the  third,  and  usually,  also,  to  the  second  divisions  of  the  trigeminal  or  fifth 
pair  of  nerves. 

The  essential  character  of  the  petrosal  is  to  envelope  immediately  the 
whole  of  the  vascular  and  nervous  tunics  of  the  labyrinth  or  internal  organs 
of  hearing,  either  in  a  membranous,  a  cartilaginous  or  an  osseous  state; 
its  histological  condition  being  much  less  constant  than  that  of  the  alisphe- 
noid. 

On  viewing  the  alisphenoid  on  the  interior  surface  of  the  human  skull 
{fig.  6,  «),  it  seems  to  be  ihe  least  significant  and  important  part  of  the  lateral 

Fig,  6, 


Vertical  longitudinal  lection  of  the  homan  cranium. 

walls  of  the  cranial  cavity :  it  forms  their  smallest  portion :  it  is  much  sur- 
passed in  extent  by  the  squamosal  (t6.  97)  and  the  supra-occipital  (ib.  sV 
and  still  more  so  by  the  enormously  expanded  parietal  (7)  and  frontal  (u). 
Nevertheless  we  find  it  connected,  anchylosed  indeed,  below  to  the  basisphe- 
noid (s),  bounding  anteriorly  the  space  into  which  the  petrosal  (i«)  is 
wedged;  connected  in  front  with  the  orbito-sphenoid  (10),  and  usually 
articulating  by  its  superior  apex  with  the  parietal:  I  purposely  omit  the 
mention  of  other  connections  of  the  alisphenoid  in  Man  which  are  less 
constant  in  the  vertebrate  series.  But  it  is  important  to  observe,  notwith- 
standing the  displacement  which  the  alisphenoid  has  undergone  through  the 
intercalation  of  the  extraordinarily  developed  squamosal  into  the  lateral  walls 
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of  the  cranium,  that  it  is  still  perforated  b;  the  third  (it.  Ir)  and  aeeotiil 
diTi^oiM  of  the  filth  or  trigeminal  nerve. 

Id  irsciog  the  aliaphenoid  downwards  through  themammoUaa  ■eri.'S.wecsn- 
not  but  be  impressed  with  the  conviction  of  its  true  character  and  importance 
uan  essential  part  of  the  cranium,  from  its  con>tancy  in  the  formation  of  its 
nJU,uid  bvobserviug  that, whilst  the  share  which  ihe  squamosal  tuLes  in  them 
pn^ressiveiy  decreases, — until  in  the  sheep,  for  example,  it  is.quite  excluded 

Fig.  7. 


VcTliell  longitudiail  HctioB  of  tbe  cnuiuni  oil  iliecp  lOtla  JriuJ. 

from  the  cranial  cavity, — that  of  the  alisphenoid  (fig.  7,  s)  iacre«ses  as  the 
'^y'Hj  itself  diminishes  in  size ;  and,  further,  that  this  increase  is  not  accom- 
puied  witli  any  material  change  in  the  relative  size  of  the  alisphenoid  to  Ihe 
l>asisphenoid.  The  share  which  the  alisphenoid  takes  in  forming  the  ante- 
rior boundary  of  the  otocrane  increases;  as  does  also  the  extent  of  its  supe- 
rior connections,  especially  of  that  with  the  parietjil  {7).  it  is  important, 
IK  tracing  these  modifications,  to  note,  also,  the  change  in  the  relative  position 
of  the  foramen  ovale  in  the  mammalian  series.  In  Man  the  foramen  ovale 
(fig.  6,  fr)  is  close  to  the  hinder  border  of  the  alisphenoid ;  and  in  some 
qnadramanes  the  third  division  of  the  fifth  escapes  through  a  notch  in  the 
UDie  border.  Tbb  position  of  the  foramen  ovale  relates  to  the  alisphenuid 
beiag  pushed  forwanl  by  the  intrusion  not  only  of  a  large  ossified  petrosal 
(>i),  but  of  B  still  larger  squamosal  (it).  In  the  sheep,  however,  the  fora- 
HWD  ovale  ia  no  longer  at  the  posterior  mai^in  ;  but,  the  alisphenoid,  having 
retrograded  by  the  recession  of  the  squamosal  towards  its  more  normal  ex- 
terior position  in  the  vertebrate  series,  the  third  division  of  the  trigeminal 
DOW  perforates  its  middle  part  (fig.  7,  "-)■  It  may  be  observed  that,  con- 
comitantly with  this  retrogradation  of  the  alisphenoid,  the  orbito -sphenoid 
(ib.  10)  acquires  lai^er  proportional  dimensions  than  in  Man  (fig.  6,  10). 

In  the  bird  the  alisphenoid  (fig.  S,  t)  is  recognizable  by  the  repetition  of 
tile  coDDections  which  it  presented  in  toe  sheep;  the  squamosal  being  quite 
excluded  from  the  cranial  parietes,  and,  indeed,  never  again  presenting  itself 
is  the  capacity  of  a  cranial  bone  in  any  of  the  oviparous  vertebrates.  The 
ilisphenoiil  (fig.  23.  b)  is  in  contact  posteriorly  with  the  petrosal  (ib.  la), 
*hich  soon  becomes  anchylosed  with  it,  as  well  as  with  the  exuccipital  (i), 
loanoid  (g),  and  other  bones  forming  the  cavity  for  its  reception,  in  all  birds. 
Tilt  alisphenoid  further  manifests  its  true  homology  in  the  bird  by  its  other 
coutaot  character  of  transmitting  the  third  and  also  the  second  or  maxillary 
division  of  the  trigeminal  nerve  ;  which  divisions,  in  the  young  ostrich,  I 


found  distinctly  perrorating  the  middle  of  ito  lower  border  (lig>  8,  ai  tr).  Tbe 
alisplienoid  ia  deeply  impresaed  by  the  cliief  ganglions  of  the  mesencepbalon, 
viz.  the  optic  lobea.  The  prosencephalon  or  hemispheres  are  itill  defended 
principally  by  expanded  parietals  (i6. 7)  and  froutals  (ib.  11)*. 

In  the  crocodile  these  spinal  elements  of  the  cranium  are  much  restricted 
in  their  development,  and  a  larger  proportion  of  the  hemispheres  is  defended 
by  the  orbitosphenoid  (fig.  9, 10),  which  here  surpasses  the  alisphenoid  (>&■■) 
in  size.     This,  however,  still  performs  its  essential  and  characteristic  func- 

Fig.  9. 


tioiis  of  protecting  the  sides  of  the  mesencephalon,  and  giving  iesu 
chief  part  of  the  trigeminal  nerve.     Owing  to  tbe  diminution  in  site  of  the 
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petrosal  (lo),  and  the  retention  by  a  great  proportion  of  this  capsule  of  the 
acoustic  labyrinth  of  its  primitive  cartilaginous  state,  it  occupies  a  smaller 
intenral  between  the  alisphenoid  (o)  and  exoccipital  (9).     It  no  longer  pro- 
trudes as  a  large  bony  wedge  (as  in  figs,  6  and  7»  10)  into  the  cranial  cavity, 
bat  permits  the  alisphenoid  to  come  into  connection  with  the  exoccipital. 
The  result  of  this  further  retrogradation  of  the  alisphenoid,  in  regard  to  the 
relative  position  of  the  outlet  of  the  third  division  of  the  fiflh,  is  analogous 
to  that  which  occurs  in  the  sheep.    We  saw  in  that  mammal,  through  the 
recession  of  the  squamosal,  the  foramen  ovale  advanced  from  the  posterior  to 
the  middle  part  of  the  alisphenoid ;  in  the  crocodile,  through  the  further  re- 
moval from  the  cranial  cavity  of  the  interposed  petrosal,  the  foramen  ovale  is 
advanced  to  the  anterior  border  of  the  alisphenoid ;  which  border,  in  fact,  it 
notches,  the  nerve  escaping  by  a  common  foramen  or  '  trou  du  conjugaison' 
between  the  alisphenoid  and  the  orbitosphenoid,  the  hole,  however,  being 
principally  formed  by  the  alisphenoid  (fig.  9,  tr).     This  position  of  the  '  fora- 
men ovale'  loses  all  its  value  as  an  argument  in  favour  of  the  petrosal  cha- 
racter of  no.  0,  by  analogy  with  the  position  of  the  foramen  ovale  in  roan 
or  the  ape,  when  we  take  into  consideration  the  necessary  consequences  of 
the  successive  withdrawal  of  the  squamosal  and  tnie  petrosal  from  the  inner 
surface  of  the  cranium  in  descending  to  the  reptiles.    The  orbitosphenoid 
(fig.  9, 10),  notwithstanding  its  great  relative  size,  retains  all  its  essential  cha- 
racters: it  is  perforated  or  notched  for  the  exit  of  the  optic  nerves  (op)  and 
first  division  of  the  fifth  pair  (s)\  it  rests  upon  the  presphenoid  (0)  below, 
and  likewise,  through  its  backward  development,  partly  upon  the  basisphe- 
noid,  and  it  articulates  with  the  frontal  (11)  above,  and  also  through  the 
same  backward  extension  with  the  parietal  (r);  it  constitutes  the  anterior 
border  of  the  lateral  bony  parietes  of  the  cranium,  which  are  interrupted 
by  the  orbits,  and  separated  by  their  interposition  in  saurians  and  fishes 
from  the  rhinencephalic  part  of  the  cranial  cavity  (at  u,  fig.  9).     The  cha- 
racters, in  fact,  of  the  orbitosphenoid  are  so  clearly  manifested  in  the  cro- 
codile, that  Cuvier,  having  been  led  by  the  increased  share,  as  compared 
with  mammals,  which  the  crocodile's  alisphenoid  (fig.  9,  a)  takes  in  the  form- 
ation of  the  otocrane,  to  regard  it  as  the  petrosal,  and  yet  perceiving  the 
essential  characters  of  the  orbitosphenoid  in  the  bone  (t6. 10)  anterior  to  it, 
was  driven  to  the  conclusion  that  that  bone  represented  both  orbitosphe- 
noid ('  aile  orbitaire  du  sph^noide')  and  alisphenoid  (aile  teraporale  du  sph6- 
noTde).     The  cold-blooded  crocodile,  however,  is  not  exactly  the  animal  in 
which  we  should  expect  to  find  so  unusual  an  instance  of  obliteration  of 
sutures,  as  that  between  the  alisphenoid  and  orbitosphenoid  *•     The  actual 
and  most  characteristic  modification  of  the  orbitosphenoid  in  the  crocodile's 
skull,  is  its  retrogradation  together  with  the  alisphenoid,  or  rather  the  main- 
tenance of  its  normal  connection  therewith  by  increased  antero-posterior 
development,  whereby  it  comes  into  communication  above  with  the  parietal 
(r)  and  below  with  the  basisphenoid  (5) ;  whilst  the  alisphenoid,  in  like 
manner,  gains  a  connection  with  the  supra-occipital  (3)  above  and  the  basi- 
occipital  (i)  below ;  although  it  still  retains  its  more  normal  relations  with  the 
parietal,  and  rests  in  great  part  on  the  basisphenoid  (s),  ns  the  orbitosphe- 
noid rests  in  great  part  upon  the  pre-sphenoid  (0.)     I'he  superior  connec- 

*  No  one  better  appreciated  the  characteristic  persistence  of  the  sutures  in  the  crocodile 
than  Cuvier,  when  his  attention  was  not  diverted  from  it  by  a  favourite  hypothesis.  "  Le 
crocodile  a  cela  d'avantageux  a  T^tude  de  son  ost^logie,  que  ses  sutures  ne  s'effacent  point, 
dn  moins  n'en  a-t-il  disparu  aucune  dans  nos  plus  vieilles  tetes/'  is  the  remark  with  which 
he  commences  his  article  on  the  determination  of  the  bones  of  the  head  of  that  reptile 
(Ossemens  Fossiles,  4to.  v.  pt.  ii.  p.  69) :  but  at  p.  76,  a  suture  is  assumed  to  be  effkced, 
which  is  present  in  most  mammals  and  all  cold-blooded  vertebrates,  where  a  wider  space 
does  not  intervene  between  the  alisphenoid  and  orbitosphenoid. 
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lions  of  the  orbitosphenoid  and  aiisphenoid  are  always  less  constant  than 
their  inferior  ones.  By  these  latter  characters,  and  still  better  by  their  nerve* 
outlets  and  their  relations  to  the  primary  divisions  of  the  encephalon,  are 
they  rightly  and  truly  determinable. .  The  German  authors  who  have  fol- 
lowed Cuvier  in  his  views  of  the  special  homology  of  the  alisphenoid  in  rep- 
tiles, are  more  consistent  than  the  great  French  anatomist  in  regard  to  the 
alisphenoid  of  fishes.  Dr.  Hallmann,  accepting  Cuvior's  characters  of  the  pe- 
trosal, taken  from  its  internal  position  and  lodgement  of  the  whole  or  part 
of  the  labyrinth*,  naturally  applies  them  to  the  alisphenoid  in  fishes,  and 
adds  to  the  grounds  for  regarding  that  bone  as  the  '  petrosal,'  that  it  is  in 
some  fishes  perforated  by  the  opercular  branch  of  the  great  trigeminal  nerve-f*. 
But,  admitting  the  homology  of  the  opercular  nerve  with  the  facial  nerve  of 
mammals,  yet  its  wider  homology  and  essential  character  as  a  motor  division 
of  the  great  trigeminal  nerve  must  not  be  lost  sight  of:  its  origin  in  cloa&e 
contigui€y  with  the  great  sensory  portions  of  the  trigeminal  in  fishes  accords 
better  with  the  character  of  that  nerve  as  the  great  spinal  nerve  of  the  brain, 
than  it  usually  presents  in  higher  classes ;  and  it  is  surely  no  important  de- 
parture of  the  alisphenoid  from  its  normal  character,  that  it  should  give  exit 
to  both  motory  and  sensory  divisions  of  the  great  nerve  with  which  it  is  so 
intimately  associated  from  man  down  to  the  fish.  Indeed,  the  progressive 
withdrawal  of  the  bony  petrosal  from  the  interior  of  the  skull  and  the  con- 
comitant backward  extension,  or  retrogradation  of  the  alisphenoid,  ought  to 
prepare  us  to  expect  that  nerves  which  traverse  the  petrosal  in  mammals 
should  perforate  the  alisphenoid  in  reptiles  and  fishes.  And  so  we  find 
in  the  carp  that  the  glosso-pharyngeal  even  perforates  the  posterior  border 
of  the  alisphenoid ;  but  its  origin  close  to  the  acoustic  and  facial  nerves 
in  fishes  diminishes  the  force  of  the  argument  which  might  be  drawn  from 
this  exceptional  perforation,  in  favour  of  the  petrosal  character  of  the  ali- 
sphenoid. I  concur  entirely  with  Cuvier  and  M.  Agassiz  in  their  determi- 
nation of  the  alisphenoid  in  fishes ;  but,  if  the  great  share  which  that  bone 
in  reptiles  (figs.  9  and  10,  s)  contributes  to  the  formation  of  the  otocrane, 
if  the  anterior  position  of  the  foramen  ovale,  and  the  superior  connection  of 
the  bone  with  the  supra-occipital,  are  proofs  (as  Cuvier  believed)  of  its  ho- 
mology with  the  petrosal  in  the  class  RtpHlia,  they  ought  also,  as  Hallmann 
and  Wagner  contend,  to  establish  the  same  special  homology  of  the  bone  (a) 
in  the  class  Pisces.  But  none  of  these  are  essential  characters  of  the  petrosial* 
The  petrosal  is  a  contentum  and  not  &  paries,  or  any  part  of  the  parietes  of  the 
cranial  chamber  or  otocrane  lodging  the  organ  of  hearing :  it  is  the  outermost 
tunic,  membranous,  gristly,  or  bony,  of  the  labyrinth  or  essential  part  of  the 
acoustic  organ.  Had  the  above- cited  anatomists  clearly  appreciated  the 
general  homology  of  the  petrosal,  they  could  scarcely  have  failed  to  detect 
its  special  homologies  in  the  vertebrate  series.  Cuvier  was  evidently  guided 
to  the  true  determination  of  the  alisphenoid  in  fishes,  less  by  its  own  essen- 
tial diaracters,  than  by  observing  in  certain  fishes,  the  perch  and  cod  for  ex- 
ample, a  partial  ossification  of  the  acoustic  capsule,  to  which,  therefore,  he 
assigned  the  name  *rocher.'  And,  having  thus  satisfied  himself  of  the  ex- 
istence of  the  homologue  of  the  '  pars  petrosa,'  &c.,  he  could  not  but  assign 
to  the  bone  which  rested  below  upon  the  basisphenoid,  which  protected  late- 
rally the  optic  lobes  and  gave  exit  to  the  third  division  of  the  trigeminal  nerve, 
the  name  of '  grande  aile  du  sph^noide.'  But  all  these  characters  equally 
coexist  in  the  bone  which  Cuvier  calls  *  rocher'  (petrosal)  in  the  crocodile  and 
other  reptilia.  He  was  not  aware,  however,  that  in  both  gavials  and  cro- 
codiles a  distinct  ossicle,  the  veritable  homologue  of  the  intra-cranial  pyra- 

*  Ossemens  Fossiles,  4to,  t.  v.  pt.  i.  p.  81. 

t  Der  vergleichende  Osteologie  des  Schlafcnbeins,  p.  64. 
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midal-sliaped  petrosal  of  maiumab  and  birds,  makes  its  appdMs^  be^WfiA 
the  alispheooid,  ezoccipital  and  basioccipital,  as  at  le,  fig.  9.  HNl^^i»^»r,- 
it  is  necessary  to  offer  a  few  observations  on  the  sense  in  whichTuSe  the 
term  *  petroMti'  as  applied  to  that  ossicle. 

The  petrosal,  properly  so  called,  considered  in  its  totality,  as  the  immediately 
investing  capsule  of  the  labyrinth  or  internal  organ  of  hearing,  is  wholly  carti- 
laginous in  many  fishes  and  saurians,  and  in  all  batrachians,  ophidians  and 
chelonians,  and  b  contained  in  a  cavity  or  orbit  (otocrane)  which  most,  or  all 
of  the  elements  of  the  occipital  and  parietal  vertebrae  concur  in  forming.  A 
part  of  the  ear-capsule  remains  cartilaginous  in  the  crocodile ;  but  several 
portions  become  ossified  around  the  semicircular  canals  and  rudimental 
cochlea,  which  ossifications  contract  slender  adhesions  to  the  smooth  oto- 
cranial surfaces  of  the  supraoccipital,  exoccipital  and  alisphenoid ;  and  to 
one  of  these  portions  (on  the  principle  on  which  Cuvier  applies  the  term 
'roeher'  in  fishes)  the  name  petrosal  might  more  particularly  be  given,  as  it 
U  more  distinct  and  moveable  than  the  other  partial  ossifications  of  the  cap- 
sule, and  contributes  to  form  the  '  meatus  intemus '  towards  the  cranial  cavity, 
surrounds  nearly  the  whole  of  the  '  fenestra  rotunda',  and  one-half  of  the  '  fe- 
nestra ovalis'  towards  the  tympanic  cavity.  Looking  upon  the  inner  surface 
of  the  lateral  walls  of  the  cranium  (as  at  fig.  9),  one  sees  at  the  bottom  of 
the  T-shaped  suture*  uniting  the  otocranial  laminae  of  the  exoccipital,  ali- 
spheooid, and  supraoccipital  bones,  a  fourth  osseous  element  (lo),  presenting 
a  convex  extremity  towards  the  cranial  cavity,  and  completing,  with  the  exocci- 
pital, the  lower  half  of  the  foramen  for  the  nervus  vagus.  If  this  little  bone 
be  pressed  upon  with  a  needle  or  probe,  it  yields  and  moves,  being  divided 
by  smooth  harmonise  from  both  the  exoccipital  («)  and  alisphenoid  (e). 

The  protuberance  in  question,  which  thus  projects  into  the  cranial  cavity, 
bs  the  rounded  angle  of  the  border  of  the  inferior  plate  of  the  petrosal,  which 
joins  the  exoccipital.  This  lower  horizontal  plate  of  the  petrosal  forms  the 
upper  wall  of  the  *■  fissura  lacera  posterior,'  and  the  lower  wall  of  the  '  fenestra 
cochlese':  the  fore-part  of  the  horizontal  plate  bends  upwards,  twisting 
and  expanding  into  a  vertical  oval  plate,  articulated  by  its  anterior  surface  to 
a  corresponding  sutural  surface  of  the  alisphenoid.  The  lower  margin  of 
this  plate  forms  the  upper  boundary  of  the  '  fenestra  cochleae,'  and  is  con- 
tinued into  a  thin  plate  of  bone  which  divides  the  '  fenestra  cochleae'  from  the 
*  fmestra  vestibuli '  above.  This  thin  plate  of  the  petrosal  joins  and  is  usually 
ancfaylosed  to  the  exoccipital :  it  is  the  only  part  of  the  true  petrosal  noticed 
by  Cuvier,  who  describes  it  as  a  slender  filament  of  bone  which  separates 
the  two  fenestrsef .  Seen  edgewise,  looking  into  the  tympanic  cavity,  the 
plate  appears  like  a  filament:  and  this  plate  forms  the  sole  connection,  when 
any  exists,  between  the  petrosal  and  the  exoccipital.  I  have  always  found 
the  sutures  persistent  between  the  petrosal  and  the  alisphenoid.  The  upper 
border  of  the  *  fenestra  vestibuli'  is  formed  by  a  petrosal,  or  rather  otocra- 
nial, process  of  the  alisphenoid. 

The  part  (fig.  9,  is)  entering  into  the  formation  of  the  lateral  walls  of  the 
brain-case,  and  which  is  here  specially  indicated  by  the  name  of  '  petrosal,' 
seems  to  have  been  overlooked :  it  is,  however,  relatively  to  the  alisphenoid 
or  exoccipital,  as  large  as  is  the  petrosal  (Cuvier's  rocher)  in  the  perch  :  it 
has  a  true  osseous  texture,  and  is  quite  distinct  from  the  lenticular  mass  of 
calcareous  matter  in  the  adjacent  cochlear  chamber  which  Cuvier  compares 
to  starch  (*  amidon  durci '). 

*  Satore  k  trois  brsnches,  Cuvier,  /.  c.  p.  165. 

t  Do  c6te  de  la  caisie  la  paroi  est  perc^e  de  deux  fenetres  transversalement  oblonguet  ei 
lepar^  par  un  filet  mince."  L  c.  p.  82. 
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Neither  the  6gure  or  the  interior  surrace  of  the  cranium  of  the  croeoHile, 
which  Spix  gives  bs  that  of  the  Nilotic  species  in  his  great  'Cephalogenetis,' 
tab.  ii.  fig.  6 :  nor  the  figure  given  by  Geoffroy  of  the  bIcuII  of  his  Crocodiht 
mchus  in  the  '  Annates  des  Sciences,'  torn.  iii.  pi.  16,  fig.  2 ;  nor  that  of  the 
Crocot&hit  bipoTcaiuM,  irhich  illustrates  the  later  memoir  by  the  Bame  author 
in  the  '  M^moires  de  I'Acad^mie  Royale  des  Sciences,'  t.  icii.  (18S3),  pi.  1, 
fig.  2. ;  nor  ihat  (if  it  be  an  original  figure)  publi:jhed  by  Dr.  Hallraann  in 
his '  Comparative  Anatomy  of  the  Temporal  Bone'  (taf.  iii.  fig.  49),  give  any 
indication  of  this,  in  the  detttrmi nation  of  the  homology  of  the  alisphenoid 
and  petrosal,  most  significant  and  important  o^eicle.  The  proof  of  its  normal 
character  will  be  afforded  by  comparisons  of  the  description  and  figui'e  of 
the  part  here  given  with  a  section  of  the  cranium  of  any  true  Croeodilus, 
ABigalOT  or  Gaviai.  In  the  latter,  the  otocranial  plates  of  the  aUspbenoid, 
exoccipital  and  supra-occipital,  project  considerably  into  the  cranial  cavity. 
Any  one  of  these  plates  might  be  called  '  petrosal,'  for  such  reasons  as  have 
induced  Cuvier  to  apply  that  name  to  the  alisphenoid  in  the  crocodile  and 
other  reptiles*.  We  find,  indeed,  that  GeofFroy  has  applied  the  equivalent 
term,  by  tumN,  to  each.  But  the  true  idea  of  the  petrosal  should  include  all 
those  gristly  and  bony  parts  of  the  immediately  investing  capsule  of  the  la- 
byrinth which  occupy  the  otocranial  excavations  of  the  esoccipital.  supraoc- 
cipital  and  alisphenoid ;  and  as  the  ossified  portions  of  the  true  petrosal,  in  the 
crocodile,  usually  contract  a  bony  union  with  the  parietes  of  the  otocrane, 
all  these  bony  portions  of  the  immediate  capsule  of  the  labyrinth  might  t>e 
called  'petrosal  processes '  of  the  bones  to  which  they  retipectively  adhere. 
That  portion  which  unites  to  the  exoccipital  is  attached  by  two  lamellee ;  it 
forms  a  great  part  of  the  cochlear  cavity,  the  lower  half  of  the  posterior  semi- 
circular canal  and  the  hinder  half  of  the  external  crupper  semicircular  canals: 
that  plate  which  belongs  to  the  supra-occipital  is  attached  to  its  otocranial 
surface  by  three  points,  and  forms  the  upper  third  part  of  the  anterior  semi- 
circular canal  and  the  cms  of  the  posterior  canal  which  communicate*  there- 
with :  that  part  which  adheres  to  the  alisphenoid  forms  the  anterior  crus  of  the 
anterior  (in  Man  superior)  semicircular  canal  and  the  anterior  begioningof  the 
external  canal.  The  proper  and  usually  distinct  bony  portion  of  the  petrosal 
(fig.  9>  is),  which  articulates  with  both  alisphenoid  and  exoccipital,  forms 

Eart  of  the  '  meatus  internus,'  nearly  the  whole  of  the  '  fenestra  cochleie,'  and 
alf  of  the  '  fenestra  vestibuli ' :  it  can  only  be  regarded  a  '  petrosal  process' 
of  the  exoccipital  by  virtue  of  the  very  limited  anchylosis  occasionally  con- 
tracted by  the  thin  plate  dividing  the  two  '  fenestne,'  along  with  the  true 
petrosal  process  of  the  exoccipital  above  described. 

If  we  compare  with 
the  inner  wall  ofthe  cro-  ^'8-  '°- 
codile's  cranium  that  of 
an  ophidian,  the  python 
for  example  (fig.  10),  we 
shall  find  the  walb  of  the  i* 
'otocrane'  or  chamber 
of  the  labyrinth  to  be 
contributed  by  the  ex-    ' 
occipital,  (i)  supra-oc- 
cipita](})andaliephenoid 
(s)  in  nearly  equal  pro- 
portions ;  the  basioccipi*                                

tal  (l),  also,    being  aC-  Cnaiumofapjtluni|HnuUf  u 

*  OuemcDt  FoMilet,  4to.  1824,  v.  ii.  pp.  81,  180,  liS, 
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cettory  to  the  fomiatioii  of  the  floor  of  the  ear-chmmber :  the  three  priocipal 
bones  are  united,  as  in  the  crocodile,  by  a  triradiate  suture.  The  petrosal, 
which,  like  the  squamosal,  was  gradually  more  and  more  withdrawn  and 
shut  out  from  the  cranial  cavity,  as  we  decended  from  mammals,  now  entirely 
disappears  from  view :  and  it  retains  its  primitive  cartilaginous  state  in  ser- 
pents as  it  does  in  chelonians,  lizards  and  batrachians.  The  essential  cha- 
racters of  the  exoccipital  (t)  are  manifested  by  its  relative  position  and  con- 
nections ;  by  its  affording  exit  for  the  vagal  (v)  and  hypoglossal  (hg)  nerves, 
and  by  its  protecting  the  sides  of  the  epencephalon.  The  alisphenoid  (0^  is 
not  less  clearly  indicated  by  its  constant  and  essential  characters ;  it  rests  below 
upon  the  basisphenoid  (5),  it  articulates  above  with  the  parietal  (7),  and 
behind  with  the  cartilaginous  petrosal ;  but  the  otocranial  plate  being,  as  in 
the  crocodile,  unusually  extended  backwards,  unites  with  the  basioccipital 
(1),  exoccipital  (s)  and  supraoccipital  (3),  in  almost  equal  proportions,  and 
becomes  directly  perforated  by  the  acoustic  nerve  (ac).  Its  chief  foramen 
(^),  however,  is,  as  usual,  that  which  answers  to  the  foramen  ovale  in  the 
human  alisphenoid,  and  which  gives  passage,  as  in  fishes,  to  the  great  third 
division  of  the  fifUi,  and  to  the  branch  which  is  homologous  with  the 
contribution  by  the  fifth  to  the  'nervus  lateralis'  in  many  fishes,  and  at 
the  same  time  with  the  nerve  called  *  chorda  tympani '  in  anthropotomy. 

In  the  frog  I  have  given  an  external  view  of  the  alisphenoid  (0)  and  the 
cartilaginous  petrosal  (10)  in  their  undisturbed  connections,  in  fig.  1 3,  with 
the  surrounding  bones.  The  alisphenoid  is  here  perforated,  as  in  Man,  by 
both  a  foramen  ovale  and  foramen  rotundum  (Ar.) :  it  forms  posteriorly  the 
fore-part  of  the  chamber  for  the  cartilaginous  petrosal,  and  usually  coalesces 
with  the  mastoid  (s),  which  overarches  the  petrosal :  the  back  wall  of  the 
otocrane  is  contributed,  as  usual,  by  the  exoccipital  (t);  the  fioor  by  the 
bomologue  of  the  coalesced  basisphenoid  and  basioccipital.  Had  the  outer 
part  of  the  petrosal  (is)  been  the  seat  of  a  partial  ossification,  a  bone  would 
have  resulted  corresponding  precisely  with  Cuvier* s  *  rocher '  in  the  cod  and 
perch :  but  the  immediate  capsule  of  the  labyrinth  retains  the  same  histolo* 
gical  condition  in  the  batrachia  as  it  does  in  the  carp  and  pike,  and  as  in  the 
salamandroid  polypterus  and  lepidosteus :  in  the  latter  fish,  at  most,  the  only 
ossified  part  of  the  petrosal  forms  a  small  bony  cup  covering  the  posterior 
extremity  of  the  outer  semicircular  canal*. 

The  attention  of  the  justly  celebrated  ichthyotomist  of  Neuchatel  appears- 
to  have  been  too  exclusively  occupied  with  the  persbtent  embryonic  condi- 
tion of  the  '  petrosal '  in  these  highly  organized  fishes,  to  gain  that  true  and 
clear  idea  of  the  essential  nature  of  the  petrosal  of  which  its  partial  ossifica- 
tion in  the  perch  and  cod  is  indicative.  Adopting  the  opinion  of  Cuvier,  in 
preference  to  that  of  Meckel  and  Hallmann,  touching  the  special  homology 
of  the  alisphenoid,  M.  Agassiz  originally  diverged  into  the  opposite  extreme 
of  repudiating  altogether  the  existence  of  a  petrosal  in  the  class  of  fishes.. 
Thus,  he  says,  **  11  devrait  sufiSre  ce  me  semble  de  voir  Torgane  de  Touie 
presenter  des  modifications  gradu6es  dans  toute  la  s^rie  des  vertdbres,  pour 
se  convaincre  que  le  rocher  n'existe  pas  du  tout  chez  les  poissons,  par  plus 
que  les  osselets  de  la  cavity  du  tympan.  S'il  y  avait  un  rocher  chez  les 
poissons,  ce  devrait  ^tre  un  os  qui  entourerait  le  labyriuthe  et  les  canaux 
semicirculaires;  mais  nous  avons  vu  que  ces  parties  de  Toreille  interne  se 
trouvent  dans  la  cavit6  du  crane  sans  enveloppe  osseuse  particulidre,  et  pro- 
tegees seulement  par  les  parois  des  os  qui  eutourent  le  rocher,  la  ou  il  existef ." 

*  This  condition  answers  to  that  in  the  human  embryo  of  about  the  fourth  month,  in  which 
a  light  porous  bony  crust  begins  to  be  formed  upon  the  cochlea  and  semicircular  canals 
commencing  with  the  outer  and  upper  ones,  the  rest  of  the  petrosal  being  cartilaginous. 

t  Recherches  sur  les  Poissons  Fossiles,  torn.  v.  p.  66. 
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M.  Agassis  is  perfectlj  aoeanUe  in  his  character  of  the  petrosal,  according 
to  its  relative  position,  as  completely  investing  the  entire  labyrinth  (of  which, 
by  the  way,  the  semicircular  canals  are  an  int^rant  part  in  all  vertebrates 
and  form  almost  the  whole  in  fishes) ;  but  he  takes  a  narrow  view  of  its 
histological  characters.  The  sclerotic  is  not  less  essentially  a  sclerotic  in  the 
shark,  where  it  is  cartilaginous, than  it  is  in  the  cod,  where  it  is  osseous;  neither 
is  it  less  the  eye-capsule  and  homotype  of  the  petrosal  in  the  mammal  because 
it  retains  the  earliest  histological  condition  of  the  skeleton,  viz.  that  of  a  fibrous 
membrane.  And,  in  point  of  fact,  in  those  fishes  where  the  essential  parts  of 
the  internal  organ  of  hearing  i^pear  to  be  protected  solely  by  the  parietes  of 
the  bones,  which,  in  the  animab  where  the  petrosal  is  ossifi^,  or,  a^  M.  Agassiz 
expresses  the  fact,  *  exists,'  surround  such  petrosal,  the  vascular  and  nenrous 
parts  of  the  labyrinth  are  actually  in  such  fishes  more  immediately  enveloped 
by  the  petrosal  in  its  membranous  or  cartilaginous  states.  What  is  peculiar 
to  the  petrosal  in  fishes  is,  that  it  is  never  entirely  ossified ;  and,  furthermore, 
that  whenever  it  is  partially  ossified,  the  bony  part  is  external  and  appears  on 
the  outside  of  the  skull  instead  of  the  inside,  as  in  the  crocodile  and  birds. 

In  the  chelonia,  a  larger  proportion  of  the  petrosal  intervenes  between  the 
alisphenoid  and  exoccipital  upon  the  inner  wall  of  the  cranial  cavity  than  in 
the  crocodile;  but  it  is  wholly  cartilaginous.  In  the  bird,  on  the  contrary,  the 
whole  petrosal  capsule  of  the  omin  of  hearing  soon  ossifies  and  becomes 
firmly  anchylosed  to  the  parts  of  the  exoccipiul,  mastoid,  alisphenoid  and 
basbphenoid  that  form  its  primitive  chamber  or  otocrane ;  owing,  however, 
to  the  lai^r  relative  size  of  the  ossified  part  of  the  proper  capsule  (petrosal 
proper)  which  penetrates  the  cranial  cavity,  none  of  the  surrounding  bones 
which  contribute  accessory  protection,  have  received  the  name  of  *  rocher,' 
or  pan  petroM.  It  is  chiefiy  from  not  recognizing  or  appreciating  the  general 
nature  or  homology  of  the  *  petrosal '  that  Cuvier  failed  to  perceive  its  special 
homology  in  reptiles.  Speaking  of  the  skull  of  the  crocodile,  he  says  that 
the  petrosal,  or  '  rocher,'  is  not  less  recognizable  than  the  '  tympanic '  and 
other  so-called  dbmemberments  of  the  temporal  by  its  internal  position, 
by  its  lodging  a  great  part  of  the  labyrinth,  and  by  its  contributing  essen- 
tially to  the  formation  of  one  of  the  fenestra  (iL  c.  p.  81).  But  the  part  in 
the  crocodile  which  I  reganl  as  homologous  with  Cuvier's  *  rocher '  in  the 
perch,  is  more  completely  internal  in  position  than  is  Cuvier's  so-called 
'  rocher '  in  the  crocodile :  it  contributes  a  greater  share  to  the  formation 
of  the  '  fenestra  vestibuli,*  and  it  forms  almost  the  whole  of  the  *  fenestra 
cochleae.'  It  is  not  true  of  the  alisphenoid  (Cuvier's  'rorsAer')  in  the  cro- 
codile, that  it  lodges  a  great  proportion  of  the  labyrinth*:  the  otocranial 
or  petrosal  process  of  the  alisphenoid  lodges  a  part  only  of  the  anterior 
semicircular  canal,  and  no  part  at  all  of  the  other  semicircular  canals.  The 
exoccipital  is  that  tributary  of  the  otocrane  which  lodges  the  major  part 
of  the  labyrinth ;  it  contains,  for  example,  parts  of  two  semicircular  canals, 
and  the  rudimeutal  cochlea:  and,  when  the  middle,  usually  distinct  part 
of  the  petrosal  is  joined' to  it,  the  exoccipital  may  be  said  to  form  the 
whole  '  fenestra  cochlese '  and  a  greater  part  of  the  '  fenestra  vestibuli.'  We 
see,  then,  that  the  characters  by  which  Cuvier  deems  his  *  rocher '  to  be  so 
easily  recognizable,  are  more  prominent  in  the  exoccipital  than  in  the  ali- 
sphenoid :  and  the  choice  of  the  latter  by  Cuvier  as  the  representative  of 
the  *  rocher,'  seems  chiefly  to  have  been  influenced  by  the  more  obvious  and 
unmistakeable  essential  (neurapophysial)  characters  of  the  '  occipital  lateral ' 
(fig.  9,  s),  whilst  the  accessory  character  which  this  bone  derives  from  its 
loc^ng  and  becoming  confluent  with  part  of  the  true  petrosal,  was  not  allowed 
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to  prevail,  u  in  the  case  of  the  albtphenoid,  in  the  determinatioD  of  ita  ipeciai 
homology. 

The  su preoccipital,  by  virtue  or  its  iiiternal  poaitino  and  lodgment  of  part 
o(  tbe  labyrinth,  has  equal  claims  to  the  name  of  '  rocher,'  according  to  the 
CDoierian  cbaracten  of  that  bone,  and  Geoffrey  8L  Hilaire  did  not  make  a 
IcM  arbilrery  choice  in  Bingling  out  this  element  as  'le  «eal  nipM*,'  than 
Cuiier  did  in  choosing  the  alisphenoid,  or,  as  any  other  anatomist  would  do 
in  preferring  any  other  element  of  a  cnuiiol  vertebra  in  the  crocodile  to 
represent  the  oesified  ear-capsule  of  the  fish  or  mammal,  because  portions  of 
Ihitoasified  capsule  are  protected  by,  or  have  coalesced  with,  such  vertebral 
elementa.  Had  Cuvier  looked  beyond  the  special  homology  of  the  bones  of 
tbe  head  of  the  crocodile,  and  permitted  himself  to  appreciate  their  higher  and 
DMHv  general  relations,  he  could  scarcely  have  ftdled  to  perceive  tbe  corre- 
ipondence  of  his  so-called  '  rocher '  in  batrachians,  ophidians,  chelonians  and 
UDrisoa,  to  the  bone  which  he  i<0  well  recognizes  as  '  the  great  wing  of  the 
■pbenoid'  in  tbe  perch  and  cod-fith. 

The  Mattoid. — In  the  human  embryo  of  the  fifth  month  a  centre  of  oesi- 
fication  is  eitablished  on  the  outer  surface  of  the  mass  of  cartilage  occu- 
pying the  interspace  between  the  basioccipital  (fig.  U,  i)  and  exoccipital 
(t)  below,  the  tympanic  (ts)  and  squamosal  (ir)  in  front,  the  supraoccipital 
(i)  behind,  and  the  parietal  (r)  above:  this  mass  of  cartilage  incloses  the 
membranous  labyrinth,  about  which  a  light  osseous  crust  has  begun  to  be 
(bnned ;  and,  from  the  centre  (s)  established  near  tbe  outer  bnider  of  the 
posterior  semicircular  canal,  ossification  radiates  to  complete  that  part  of  the 
CTBoial  parietes,  which,  in  the  adult  skull,  is  impressed  on  its  innersurface  by 
the  great  venous  channel  called  'fossa  ligmoidea,'  and  developes  from  its 


T  surface  the  ■  processus  mastoi- 
deus.'  The  primitive  independence 
of  the  base  of  this  process,  which 
Kerkringiuj  so  clearly  and  accurately 
delineates  in  his  tab.  sxxv.yS^  iil  as 
the  posterior  of  his  *  tria  petrosi  ossis 
distinctaowicnlaf.'isa  fact  of  much 
more  significance  tlian  its  brief  and 
transitory  maoifeatation  would  lead 
the  anthropotomist  to  divine  The 
coalescence  of  the  primitively  distmct 
mastoid  with  the  ossifying  capsule  of 
the  labyrinth  is  very  speedy,  being 
usually  complete  before  the  foetus  has 
pa«ed  its  fifth  month,  and  a  com 
poMte  'petre-mastoid'  bone  is  thus 
formed,  which,  retaining  its  indivi 
duality  in  monotremes,  marsupials. 


Fig.  11. 


dements  of  the 'temporal'  bone  in 


and  with  other  surrounding  cranial 
•  in  birds.  In  the  cold-blooded  vertebrata,  the  mastoid  retain^  with  a  few 
exceptions,  its  primary  embryonic  distinctness,  as  an  independent  element  of 
tbe  skulL  In  tracing  the  modifications  of  this  element  downwards  from  man, 
we  find  the  exteraal  process  from  whicb  its  anthropotomical  name  originated. 
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iDConBUnt,  its  functions  being  transferred  in  many  mammals  to  another  pro- 
cess, sometimes  udder-shaped,  sometimes  of  great  length  (fig.  24,  4),  but 
vhich  isdevelopedfrom  theesoccipital,  andis  represented  in  the  human  »kuU 
by  the  'emineDtiBaspera,'Ao.ofSoemmerring(TABLE  1. 4),  and  by  the  "sca- 
brous ridge  extended  from  the  middle  of  the  condyle  towardu  the  root  of  the 
mastoid  process"  of  Munro  (op.  eil.  p.  72) ;  but  sometimes  also  here  deve- 
loped, as  a  rare  anomaly,  on  one  or  both  sides,  into  a  process  lilte  a  second 
but  smaller  posterior  mastoid".  The  more  constant  and  esseotiat  characters 
of  the  maHtoid  are  its  contribution  to  die  walb  of  the  acou-itic  chamber, 
carried  to  anchylosis  with  the  petrosal  in  birds  and  mammals,  and  ita  autural 
connection  in  the  latter  wiih  the  exoccipital,  parietal,  and  squamosal  (the 
squa mo- mastoid  suture  becoming  obliterated  in  many  species,  e.  ff.  the  hog, 
fig.  24,  s,  ir):  it  is  also  grooved,  notched  or  perforated  by  a  greater  or  less 
proportion  of  the  lateral  venous  sinus,  whether  this  is  continued  to  the  '  fora- 
men jugulare,'  as  in  man,  or  sends  a  large  division  to  escape  by  the  'meatus 
temporalis'  which  foimsthe  large  orifice  between  the  mastoid  and  squamosal 
above  the  meatus*  auditorius  in  the  horse  and  ruminants,  and  which  directly 
perforates  the  mastoid  in  the  echidna  (fig.  12,  m). 

Fig.  12. 


ntlheEMdtiaMlMa.    Nmnlili 


It  is  important  to  keep  these  essential  characters  steadily  in  view,andtn  avoid 
giving  undue  importance  totheapophysialcharacter  of  the  mastoid,  which  has 
led  to  BO  common  a  transference  of  its  name,  in  the  great  osteological  wnrLs  of 
Cuvier  and  De  Blainville,  to  a  quite  distinct  element  (paroccipital)  of  the 
cranial  wallsf.     It  is  necessary,  also,  to  be  prepared  for  that  change  of  the 

*  The  continaiton  otCDvier  make  mention  of  an  example  of  Ihii  kind  and  propoie  Ihe  name 
of  '  paramiatoid  *  for  theprocet*  (Lcfons  d'Ajial.  Comp.  ii.  (IB37J  p.  312).  I  haveobacrred 
il  in  tbe  ikul!  of  a  Hew  Zealander  and  in  that  of  an  Iriiliman.  preserved  in  the  Mnseum  of 
Anatomy  in  RicbiDond  Street,  Dublin.  Believing  il  to  be  (he  homolosue  oftbe  '  puoccipiul ' 
(4),  which  ii  developed  independently  io  chelonia  and  moat  liahei,  I  retain  that  name  for  it : 
it  mual  not  be  confounded  with  that  angle  of  the  occipital  which  projccta  into  the  '  foramen 
jugnlare  '  in  the  human  skull,  and  which  has  received  the  name  of  '  procetius  jngularia,'  in 
aome  ajalemi  of  anthropotom]'. 

f  How  eMenlial  a  correct  liew  of  ipecial  homology  becomes  to  the  apprteitlion  of  the 
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connectioiu  of  the  mastoid,  which  results  from  the  gradual  withdrawal,  in  the 
mammalian  class,  of  the  squamosal  from  the  proper  cranial  walls.  With  much 
inconstancy  of  relative  size  in  the  mastoid,  of  which  the  dogong  and  the  walrus 
o£fer  two  extremes,  we  discern  upon  the  whole  a  progressive  increase  in  de- 
scending through  the  mammalian  class:  in  the  walrus,  for  example,  the  mastoid, 
or  petromastoid,  forms  as  large  a  proportion  of  the  outer  lateral  walls  of  the 
cranium  as  does  the  squamosal ;  and,  in  the  sheep,  the  removal  of  the  squamosal 
exposes  the  connection  of  the  petromastoid  with  the  alisphenoid, — a  return  to  a 
relation  common  in  the  oviparous  vertebrata :  it  is  shown  from  the  inner  side 
of  the  cranium  in  the  sheep,  in  fig.  7,  is  and  o.  The  mastoid  of  the  echidna 
(fig.  12,  s)  presents  a  most  interesting  and  instructive  combination  of  both  the 
modification  of  expansion  and  of  that  of  direct  union  with  the  alisphenoid  (o\ 
which  is  here  effected  by  the  nu&stoid  plate  independently  of  the  petrosal  (is). 
In  fig.  1 2  these  characters  are  well  exposed  by  the  removal  of  the  squamosal 
t7,  and  tympanic  ss,  which  retain  their  primitive  independence  throughout 
life  in  the  echidna.  If  now  we  compare  the  bone  s  and  is  with  the  carti- 
laginous and  osseous  mass  s  and  is  in  the  skull  of  the  human  embryo  (fig.  11), 
and  allow  for  the  change  produced  in  the  position  of  the  alisphenoid  (a)  by 
the  gradual  withdrawal  of  the  squamosal  (sr),  traceable  in  the  intervening 
forms  of  mammalia,  the  special  hon^ology  of  the  petromastoids  at  the  two  ex- 
tremes of  the  mammalian  class  will  be  obvious  and  unmistakeable.  The  bone 
A  and  10  in  the  echidna,  fig.  12,  is  connected  below  and  behind  with  the  basi- 
occipital  and  exoccipital  (s),  behind  and  above  with  the  supraoccipital  (a)  and 
parietal  (r),  in  front  with  the  tympanic,  the  squamosal,  and  also,  as  a  conse- 
quence of  the  modified  position  of  the  latter  and  of  its  own  increased  deve- 
lopment, with  the  alisphenoid  (o).  All  the  connections,  save  that  with  the 
alisphenoid,  are  identical  with  those  of  s  and  lo  in  the  human  embryo ;  and 
the  supervening  alisphenoidal  connection  in  the  echidna  affords  an  additional 
light  to  the  determination  of  the  bone  in  the  lower  vertebrata,  since  it  is  a 
consequence  of  the  progressive  advance  to  a  lower  (oviparous)  type,  in  the 
descent  through  the  mammalian  scale.  In  regard  to  the  essential  functions 
of  the  petromastoid,  we  find  the  petrosal  portion  inclosing  the  membranous 
labyrinth,  and  the  mastoidal  portion  giving  exit  to  the  blood  from  the  great 
lateral  venous  sinus  and  supporting  the  tympanic^.  It  will  be  unnecessary 
to  dwell  further  on  the  broad  and  obvious  characters  by  which  the  homology 
of  the  bone  s  and  is  in  the  echidna  is  established  with  the  equally  independent 
petromastoid  in  the  sheep  and  walrus,  and  with  the  petromastoid  portion  of 
the  human  '  temporal  bone.' 

The  continuators  of  the  '  Le9ons  d' Anatomic  Compar6e,'  influenced  by  the 
large  proportional  size  of  the  petromastoid  in  the  echidna  and  the  share 
which  it  consequently  takes  in  the  formation  of  the  cranial  parietes,  supposed 
it  to  be  the  squamosal: — 'Me  veritable  temporal,  qui  naurait  pour  toute 
apophyse  zygomatique  qu'un  tr^s  petit  tubercule  pr^  de  la  facette  gl^noide," 

higher  Isw  of  general  homology  may  be  learnt  from  the  application  by  Cuvier  of  his  idea  of 
the  mammalian  mastoid  to  the  refutation  of  the  vertebral  theory  of  the  skull.  "  On  a  aussi 
trouve  quelqiie  rapport  cntrc  I'apophyse  mastoide  qui,  dans  la  plupart  des  animaux,  appar- 
tient  a  Toccipital,  et  I'apophyse  transverse  de  Vatlas  et  des  autres  vertebres ;  sur  quoi  ilfaut 
remarquer  que  ces  rapports  sont  moindres  dans  I'homme  ^  certains  ^gards  que  dans  les  ^ut- 
dmpedes,  puisque  Tatlas  n'y  a  ordinairement  qu'une  echancrure  pour  le  passage  de  Tartere, 
et  que  rapophysc  mastoide  y  appartient  entiere  au  rochcr." — Resume  sur  Ic  question — •  Le 
crane  est-il  une  vertebre  ou  un  compose  de  trois  ou  quatre  vertebres  ?'  Le9on8  d'Anatomie 
Comparee,  t.  ii.  (1837)  p.  711. 

*  In  the  article  '  Monotremata/  Cyclopaedia  of  Anatomy  and  Physiology,  1841 ;  influenced^ 
then,  by  the  absence  of  the  external  character  of  the  process,  I  described  the  petromastoid  as 
the  petrous  bone. 
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op.  eiL  tiL  (1837)  p.  377-  This  tubercle  is  the  rudiment  of  the  mastoid 
process,  which  is  so  largely  developed  in  birds,  and  which,  in  the  echidna, 
overhangs  the  tympanic  cavity.  There  is  no  glenoid  articular  surface  upoa 
the  bone  s  and  lo.  We  find,  on  the  other  hand,  the  squamosal  under  its  proper 
mammalian  form  and  connections,  with  a  long  and  slender  zygomatic  process, 
and  performing  the  function,  peculiar  to  the  class  Mammalia,  of  supporting 
the  mandible  by  the  true  glenoid  articular  surface  in  the  echidna  (fig.  12,  v). 

Dr.  Kostlin,  whose  painstaking  and  minutely  accurate  description  of  the 
osteology  of  the  vertebrate  skull  renders  his  conclusions  as  to  their  homo- 
logies worthy  of  respectful  consideration,  concurs  with  me  in  regard  to  the 
squamosal  (97)  of  the  monotremes,  but  regards  the  bone  s-ie  in  the 
echidna  as  a  dismemberment  of  the  alisphenoid.  In  no  mammal,  however, 
do  we  find  the  alisphenoid  concerned  in  immediately  protecting  the  semicir- 
cular canals — this  is  the  function  of  the  petrosal :  in  neither  mammal  nor 
bird  does  the  alisphenoid  extend  its  connections  so  far  back  as  to  the  basi- 
ex-  and  supra-occipitals.  In  the  echidna,  as  in  every  other  mammal  and  bird, 
the  alisphenoid  (a)  exists,  exclusively  exercising  its  essential  function  of  trans- 
mitting the  third  division  of  the  fifth  pair  by  the  large  vacuity  {ir)  and  with 
its  normal  connections  modified  only,  as  in  the  sheep  and  some  other  inferior 
mammalia,  through  the  recession  of  the  squamosal,  by  joining  the  mastoid, 
in  addition  to  those  which  it  unites  with  in  man.  I  confess  that.I  can  perceive 
no  other  gain  to  anatomy  by  Dr.  Kostlin's  new  determination  of  s  and  10  in 
the  echidna  as  'hintere  Abtheilung  des  Schlafenfiiigels '  or  *hintern  Schla- 
fenfiUgel*'  (posterior  alisphenoid),  than  an  additional  phrase  to  the  synonyms 
of  the  mastoid. 

The  discussion  of  the  homologies  of  this  bone  under  its  modifications  in 
the  mammalia,  and  especially  in  the  monotremata,  will  not  be  deemed  super- 
fluous or  too  detailed,  when  it  is  remembered  how  valuable  a  key  the  cranial 
organization  of  the  implacental  monotremes  with  their  bird-like  heads  becomes 
to  the  comprehension  of  the  modifications  of  the  cranial  structure  in  birds 
themselves.  If  we  pass  from  the  comparison  of  the  echidna's  skull,  as  re- 
presented in  fig.  12,  to  that  of  the  ostrich  (fig.  8),  we  shall  find  there  a  bone 
(s)  articulated  in  front  to  the  alisphenoid  (0),  behind  to  the  exoccipital  («), 
below  to  the  basi-occipital  and  basi-sphenoid,  above  to  the  parietal  7,  and 
coalescing  by  its  inner  surface  with  the  petrosal.  The  sole  modification  of 
note  in  regard  to  connective  characters,  as  compared  with  the  mammalian 
petromastoid,  is  the  loss  of  the  connection  with  the  squamosal,  for  which  we 
have  been  progressively  prepared  by  the  conditions  of  that  bone  in  rodent^  ru- 
minants and  monotremes.  In  the  bird  this  least  constant  element  of  the  cranial 
walls  (fig.  21,  S7)  has  undergone  a  further  degradation,  b  now  dismissed  en- 
tirely from  any  share  in  the  formation  of  even  the  outer  surface  of  the  cranial 
parietes,  and  is  reduced  to  its  mere  zygomatic  form  and  function,  serving 
exclusively  to  connect  the  jugal  (fig.  21,  so)  with  the  tympanic  (ss);  which 
function  it  performs  in  the  echidna  and  in  man,  besides  other  superadded 
offices  arising  out  of  its^  peculiarly  mammalian  expansion  into  a  scale^like 
lamina,  or  as  compensatory  of  the  reduction  of  the  tympanic  bone.  Dr. 
Hallmann,  however,  in  his  elaborate  monograph  on  the  temporal  bone,  con- 
siders the  bone  s  (fig.  8)  to  be  the  squamous  or  zygomatic  element,  and  cites 
the  following  characters  of  the  bone,  in  the  young  cassowary  t>  as  establishing 
its  homology  with  the  squamosal : — ''  its  junction  above  with  the  parietal,  in 
front  with  the  alisphenoid  and  post-frontal  and  behind  with  the  occipital ;  also 
its  formation  of  the  upper  bonder  of  the  meatus  auditorius  extemus,  and  its 

^  Op,  eit.  pp.  29, 126. 

t  Die  vergleichende  Otteolope  des  Sehliifentbeins,  p.  8.  pi.  1.  fig.  5. 
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eoBtribation  of  the  articular  surface  for  the  tympanic  boDe,**  which  surface 
he  regards  as  homologous  with  the  glenoid  cavity  of  the  squamosal  for  tb^ 
lower  jaw  in  mammals. 

CuTier»  whose  homology  of  no.  s  he  thus  adoptSy  describes  it  in  the  bird 
ss  being  on  the  outer  sicle  of  the  parietal,  advancing  also  to  beneath  the 
iiroBtalay  occupying  the  region  of  the  temporal  fossa  and  giving  origin  to  the 
temporal  muscle,  and  as  forming  the  superior  border  of  the  tympanic  cavity. 
^  The  temporal  fossa,"  adds  Cuvier,  ^  is  in  great  part  excavated  in  the  tem« 
poral  boney  and  is  bounded  behind  by  a  special  process  which  might  be  re- 
garded as  the  analogue  of  the  zygomatic  did  it  not  remain  far  removed  from 
the  malar  bone*."  The  annotators  add,  ^'  that  there  are  some  species  of  bird 
io  which,  nevertheless,  such  zygomatic  process  does  approach  very  dose  to 
thejugalf." 

First,  then,  with  regard  to  the  character  which  appears  to  have  most 
weighed  with  Cuvier,  m>m  his  twice  citing  it  in  the  above  brief  definition 
of  no.  s, — the  marks  of  the  origin  of  the  temporal  muscle.    To  conclude  that 
the  bone  impressed  by  the  so-called  '  temporal  fossa'  in  the  skull  of  the  bird, 
is  therefore  the  temporal  bone,  because  such  fossa  impresses  a  bone  called 
'  temporal '  in  the  mammal,  is  an  example  of  that  fallacy  which  logicians  call 
signing  in  a  circle.    The  two  propositions  by  no  means  reciprocally  prove 
each  other.     Suppose,  for  example^  that  the  bone  no.  s  in  the  bird  had  been 
determined,  by  way  of  ascensive  comparison  from  the  fish  (fig.  5)  and  cro- 
codile (fig.  16),  to  be  the  homologue  of  the  bone  no.  s  in  those  animals,  which 
we  will  assume  to  have  been  rightly  called  <  mastoid '  by  Cuvier,  and  that  be 
had  arrived  at  the  determination  of  no.  s  in  the  bird  by  this  surer  method, 
than  by  the  descent  from  placental  mammals ;  and  supposing  that,  having  thus 
recognized  no.  s  as  the  mastoid,  the  fossa  and  muscle  with  which  it  is  im- 
pressed in  the  bird  had  been  called  *  mastoidal '  instead  of  '  temporal ';  then^ 
aseencting  to  the  mammalian  cranium,  Cuvier  might  with  equal  reason  have 
isid  that  the  bonesr,  figs.  1 1  and  23,  was  the  *  mastoid,'  because  it  occupied  the 
r^oB  of  the  mastoidal  fossa  and  gave  origin  to  the  mastoidal  muscle.    The 
origins  of  muscles  are  not,  however,  sufficiently  constant  to  be  included  amongst 
the  charactem  of  connection  or  function  determinative  of  special  homologies. 
The  transference  of  the  '  sterno-mastoideus '  from  the  true  mastoid  process 
(Man*  Camivora  and  Rodentia)  to  the  angle  of  the  mandible  (horse),  and  to 
both  this  part  and  the  second  cervical  vertebra  (Ruminants),  shows  that  the 
attachments  of  a  muscle  must  be  determined  after  the  recognition  of  the  bone, 
sod  not  the  homology  of  the  bone  by  muscular  attachments.    With  the  very 
case  in  question  the  uncertainty  of  the  character  is  illustrated :  in  the  skull 
of  the  ostrich,  for  example  (fig.  8),  the  temporal  fossa  is  chiefly  formed  by  the 
conjoined  portions  of  the  parietal  (r)  and  alisphenoid(6),  which  intervene  be- 
tween the  mastoid  (s)  and  the  post-frontal,  tlie  mastoid  forming  not  more  of 
the  posterior  part  of  the  fossa  than  the  post-frontal  does  of  the  anterior  part. 
Dr.  Hallmann  probably  appreciated  the  unsoundness  of  the  argument  from 
the  muscular  impression,  since  he  does  not  cite  it ;  he  repeats,  however,  the 
character  adduced  by  Cuvier,  from  the  relation  of  no.  s  to  the  tympanic 
cavi^,  or  as  Hallmann  expresses  it,  the  meatus  auditorius  (aussem  Gehor 
offnung),  the  value  of  which  therefore  I  next  proceed  to  consider. 

In  the  skull  of  the  ostrich,  with  the  tympanic  bone  and  ear-drum  in  place, 
the  upper  border  of  the  meatus,  as  defined  by  the  periphery  of  the  membrana 
tympani,  is  formed*  not  by  no.  s,  but  by  the  tympanic  anteriorly,  and  by  the 
paroGcipttal  process  (4)  posteriorly.  When  ike  tympanic  bone  and  mem- 
brane are  removed,  then  the  descending  process  of  no.  s  overarches  the 

•  Lef(ms  d'Anst.  Ck>mp.  ii.  (1837),  p.  580.  \  Ib.p.  581. 
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upper  and  forepart  of  the  tympauio  cavity  so  exposed.  So  much  for  the 
facts  of  the  argument*. 

We  may  next  ask,  Is  the  formation  of  the  upper  boundary  of  the  meatus 
externus  an  essential  character  of  the  squamosal  in  mammals ;  or  is  it  not 
rather  a  secondary  consequence  of  the  expansion  and  application  of  that  bone 
to  the  side  of  the  cranium  in  this  particular  class  ?  If  we  were  desirous  of 
obtaining  a  homological  character  by  comparison  of  the  contour  of  the 
meatus  externus  or  the  tympanic  cavity  in  mammals  and  birds,  ought  we 
not  rather  to  select  the  lowest  and  most  omithoid  of  mammals,  as  heat  cal- 
culated to  throw  light  upon  the  real  nature  of  the  modifications  of  this  part 
of  the  skull  in  the  respective  classes  ?  In  the  echidna,  then,  we  find  that 
the  squamosal  does  not  form  the  whole  of  the  superior  border  of  the  shallow 
tympanic  cavity,  but  that  the  mastoid  forms  the  posterior  half  of  that  border, 
and  sends  a  short  obtuse  process  downwards  (at  lo,  fie.  12),  which  overhangs 
the  cavity  and  gives  attachment  to  the  tympanic  (ss}.  Behind  the  mastoid 
is  the  exoccipiUd.  Now  in  birds  the  antero-posterior  extent  of  the  cranium 
between  the  exoccipital  and  post-frontal  bones  is  much  shortened  as  compared 
with  mammals,  and  this  modification  I  interpret  as  the  result,  in  a  great  de- 
gree, of  the  entire  removal  of  the  squamosal  from  the  cranial  parietes.  Of 
the  homology  of  no.  4  as  a  part  of  the  exoccipital  there  has  been  no  question, 
although  its  development,  and  the  share  it  takes  in  the  lateral  parietes  of  the 
head,  is  increased,  as  compared  with  most  mammab,  rather  than  diminished. 
The  exoccipital  constantly  unites  anteriorly  with  the  mastoid  in  mammals, 
from  man  down  to  the  echidna ;  but  the  extension  of  the  squamosal  back- 
wards to  articulate  with  the  exoccipital  is  far  from  being  a  constant  character 
in  mammals.  We  ought  on  that  ground  therefore  to  conclude  that  the  bone  s, 
which  articulates  with  the  fore-part  of  the  exoccipital  in  the  bird,  is  the 
*  mastoid,*  rather  than  that  it  is  the  *  squamosal.*  It  overhangs  the  tympanic 
cavity  by  a  longer  or  shorter  process ;  but  being  more  advanced  in  position, 
partly  by  the  development  of  the  exoccipital  behind,  and  the  non-interposition 
of  a  squamosal  between  it  and  the  alisphenoid  in  front,  it  overarches  the 
middle  of  the  upper  instead  of  the  posterior  part  of  the  upper  border  of  the 
tympanic  cavity  in  the  bird ;  but  it  is  still  in  great  part  posterior  to  the  tym- 
panic pedicle,  a  relative  position  which  is  foreign  to  the  squamosal.  The 
process  of  no.  s  resembles  the  mastoid  process  in  mammalia,  inasmuch  as 
it  terminates  freely  in  most  birds ;  and  in  those,  the  parrot  for  example,  in 
which  it  joins  another  process  to  form  a  zygoma  or  bridge  over  the  temporal 
fossa,  that  process  answers  to  the  post- frontal,  the  very  bone  which  the  mas- 
toid similarly  joins  in  the  crocodile,  and  does  not  answer  to  the  malar  bone, 
which  the  squamosal  joins  in  both  mammals  and  crocodiles. 

The  mastoid  always  coalesces  with  the  petrosal,  rarely  with  the  squa- 
mosal, in  the  manunalia;  such  coalescence  is  therefore  a  more  constant  cha- 
racter of  the  mastoid  than  of  the  squamosal,  and  the  argument  becomes 
cumulative  in  favour  of  the  mastoid  or  petromastoid  character  of  no.  s  in  the 
bird.  When  we  remove  the  squamosal  in  the  sheep  we  bring  away  the  man- 
dible which  articulates  with  it,  but  we  leave  the  distinct  and  independent  tym- 
panic closely  articulated  to  the  petromastoid.  Precisely  the  same  thing 
happens  in  the  rodentia,  in  the  marsupialia,  and  especially  in  the  echidna, 
in  which  the  tympanic  has  the  slightest  connection  with  the  squamosal.  The 
articulation  of  the  tympanic  therefore  with  the  petromastoid  is  a  more  con- 
stant character  than  its  articulation  with  the  squamosal ;  therefore  the  arti- 
culation of  the  unquestioned  tympanic  bone  in  birds  with  the  bone  no.  s  is  a 

^  The  tame  jfbrmstion  of  the  upper  boundary  of  the  meatat  extemm  is  shown  hj  Geofflroj 
favthe  young  low!.— Annalea  da  Mui^om,  x.  pL  27.  fig.  2,  V.  Q. 
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Stronger  proof  of  no.  s  being  the  petromastoid  than  of  its  being  the  squamosal : 
and  for  the  same  reasons  that  the  articulation  of  no.  s  with  the  exoccipitai,  and 
its  coalescence  with  the  petrosal,  are  more  essential  characters  of  the  petro- 
mastoid  than  they  are  of  the  squamosal,  so  I  regard  the  articular  surface 
furnished  by  no.  s  to  the  tympanic  bone  to  be  homologous  with  the  articular 
surface  of  the  petromastoid  for  the  tympanic  in  the  ruminants,  rodents 
and  other  mammals,  and  am  compelled  to  dissent  from  Dr.  Hallmann's  idea 
of  its  answering  to  the  articular  surface  furnished  by  the  squamosal  to  the 
mandible  in  mammals.  In  the  ostrich  a  part  of  the  articular  cavity  for  the 
tympanic  is  excavated  in  the  exoccipitai,  and  would  afford  as  good  an  argu- 
ment to  prove  that  bone  to  be  the  squamosal  as  the  one  which  Dr.  Hallmann 
has  deduced  from  the  same  character  in  favour  of  the  petromastoid  in  the 
bird  being  the  sqilamosaL  Dr.  Hallmann  cites  the  junction  of  no.  a  (bis  i^ 
taf.  L  fig.  5,  cp.  cii.)  with  the  post-frontal  in  a  young  cassowary  as  evidence 
of  its  squamous  character.  I  have  not  met  with  this  union  in  the  young 
ostrich  nor  in  the  young  emeu,  in  which  latter  bird  there  is  a  dbtinct  post- 
frontal  :  the  anterior  inferior  angle  of  the  parietal  descends  and  meets  the 
alisphenoid  in  both  these  Stntihwrnd^  at  the  part  where  the  post-frontal  is 
marked  (at/")  in  Dr.  Hallmann's  figure  above  cited.  The  extremity  of  the 
mastoid  process  does,  however,  arch  over  the  temporal  fossa  to  join  the  post^ 
frontal  process  in  certain  birds,  as  above  mentioned ;  but  this  junction,  when 
we  ascend  in  our  pursuit  of  the  homologies  of  the  elements  of  the  composite 
temporal  bone  of  mammals,  as  it  is  safest  to  do,  from  fishes  to  reptiles, 
and  from  these  to  birds,  forms  a  repetition  of  a  very  characteristic  feature 
of  the  mastoid  in  the  cold-blooded  ckisses,  and  one  that  is  quite  intelligible 
when  we  rise  to  the  appreciation  of  the  higher  relations  of  both  mastoid  and 
post-frontal  as  parapophyses  of  their  respective  vertebra. 

In  every  mammal  the  squamosal  is  applied  to  the  cranial  parietea,  and  at- 
tached by  a  peculiar  suture  called  squamous ;  the  outer  surface  of  the  bone 
exceeding  the  inner  surface.  In  no  bird  is  the  mastoid  so  united  to  the  sur- 
rounding bones,  but  joins  them  by  harmonisB  vertical  to  the  surface,  as  the 
other  true  cranial  bones  are  joined  before  they  coalesce ;  and  the  outer  very 
little,  if  at  all,  surpasses  the  inner  surface,  to  which  the  petrosal  b  confluent 
The  petromastoid  of  the  mammal  resembles  that  of  the  bird  in  this  respect. 

There  is  no  difficulty  in  the  ascensive  survey  in  appreciating  the  special 
homology  of  no.  s  in  the  bird  ^g.  23)  with  no.  s  in  the  crocodile  (fig.  25?) 
and  in  the  fish  (fig.  5) ;  and  Dr.  Hallmann,  retaining  a  firmer  and  more 
consistent  view  of  their  common  characters  than  Cuvier,  enunciates  clearly 
this  homology :  but  having  persuaded  himself  that  the  '  mastoid '  of  the  bird 
was  its  *  squamosal,'  he  concludes  that  the  bone  which  Cuvier  had  called  mas- 
toid in  the  crocodile  and  fish  must  also  be  their  squamosal.  I  believe  Cuvier 
to  have  rightly  determined  the  bone  (no.  s)  in  the  cold-blooded  classes  to  be 
the  mastoid ;  but  he  is  not  consistent  with  himself  when  he  adopts  a  different 
conclusion  with  regard  to  no.  s  in  the  bird.  The  greater  development  of 
the  bird's  brain,  as  compared  with  the  crocodile's,  requires  a  greater  expan- 
sion of  the  cranial  part  of  the  mastoid,  just  as  the  still  greater  development 
of  the  brain  in  mammals  calb  forth  a  peculiar  expansion  and  application  of 
the  cranial  end  of  the  squamosal,  involving  a  transference  of  the  mandibular 
joint  to  that  expanded  end. 

Cuvier,  in  descending  from  mammals  to  the  consideration  of  the  homolo- 
gies of  no.  s  in  the  bird,  passed  too  abruptly  to  the  comparison,  lacking  the 
instructive  link  furnished  by  the  monotremes.  It  might  have  sufficed  for 
the  present  report  to  have  demonstrated  the  homology  of  no.  s  in  the  bird, 
ascensivdy^  with  Cuvier's  well-determined  mastoids  in  fishes  and  reptiles*; 
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but  since  both  Cuvier  and  Dr.  Hallmann  have  elucidated  their  views  of  its 
homology  by  characters  drawn  from  the  mammalian  class,  I  have  endeavoured, 
and  I  trust  satisfactorily,  to  meet  their  objections  and  to  determine  the  true 
homology  of  the  bone  by  other  arguments  drawn  fVom  modifications  of  the 
petromastoid  in  the  same  class. 

Pursuing  therefore  the  comparison  descensively,  I  proceed  in  the  next  place 
to  consider  the  characters  of  the  mastoid  in  the  crocodile  (figs.  19  and  82,  s). 
Cuvier  premises  his  determination  of  the  bone  in  that  reptile  by  citing  the 
following  as  its  characters  in  the  mammalia :— *<  La  partie  mantcidienne  qui 
recouvre  le  rocher  en  arridre  de  I'^cailleuse  et  de  la  caisse,  mais  qui  se  soude 
de  si  bonne  heure  k  ce  rocher  que  Ton  paroient  k  peine  &  la  reconnaitre 
comme  distincte  dans  les  plus  jeunes  f6tus  oil  elle  est  quelquefois  double*.** 
The  squamosal  he  defines  as  a  bone  **  qui  devient  de  plus  en  plus  toangere 
au  crane  k  mesure  qu'on  descend  dans  T^helle  des  quadrupddes,  en  sorte 
que  dans  les  ruminans  elle  est  plutdt  coll^  dessus  qu'elle  n'entre  dans  la 
composition  de  ses  paroisf."  If  we  pause  to  apply  these  characters  to  the  de- 
termination of  nos.  s  and  %r  respectively  in  the  bird,  before  proceeding  to 
the  crocodile,  we  shall  see  how  far  they  sustain  the  conclusions  I  have  ar- 
rived at,  in  opposition  to  the  views  of  Cuvier  and  his  followers,  in  reference 
to  the  true  homologue  of  the  mammalian  squamosal  in  birds.  With  regard 
to  the  mastoid  in  the  crocodile,  Cuvier  says,  **  Le  mastoidien  des  crocodiles 
proprement  dits  et  des  gavials  a  cela  de  particulier,  qu*il  s'avance  lat^rale- 
ment  jusqu'^  s'unir  au  m>ntal  post^rieur,  et  il  entourer  avec  lui  et  le  pari- 
ftal  le  trou  de  la  face  sup^rieure  du  cr^e  qui  communique  aveo  la  fosse 
temporale ;  dans  quelqnes  caimans  il  s'unit  mdme  &  ces  trois  os  pour  couvrir 
entidrement  oette  fosse  en  dessus,  et  dans  les  tortues  de  mer,  non-seulement 
ils  font  la  m^me  chose,  le  temporale  et  le  jugal  venant  aussi  k  s*unir  au  mas- 
toidien et  au  frontal  post^rieure,  ils  couvrent  la  fosse  temporale,  m^me  par 
dehors;*  t 

Doubtless  the  German  anatomists  who  dissent  from  Cnvier's  determination 
of  the  bone  s  in  the  crocodile  (fig.  22)  have  been  influenced  in  some  degree 
by  the  little  conformity  between  the  character  above  assigned  to  the  mastoid 
in  that  reptile  and  the  character  Cuvier  had  previously  assigned  to  the  mas- 
toid in  mammalia.  The  confluence  of  the  mastoid  with  the  petrosal,  for 
example,  is  a  modification  peculiar  to  the  warm-blooded  vertebrates,  whilst 
the  relative  position  of  the  mastoid,  above  and  external  to  the  petrosal  and 
behind  the  squamosal  and  tympanic,  is  a  constant  character  in  all  vertebrates ; 
to  which  must  be  added,  that  in  most  mammals  and  all  other  vertebrates  the 
mastoid  aflbrds  an  articular  surface  for  the  tympanic  bone,  and  developes  an 
outstanding  (mastoid)  process  for  the  attachment  of  strong  muscles  moving 
the  head  upon  the  trunk. 

With  regard  to  the  relative  position  of  the  mastoid  process  to  the  cranial 
walls,  its  origin  ascends  as  the  expansion  of  the  parietal  diminishes  with  the 
decreasing  size  of  the  cerebrum :  in  mammals,  the  process,  when  present, 
extends  from  the  lower  border  of  the  postero-lateral  wall  of  the  cruiiom : 
in  birds  it  projects  from  near  the  middle  of  that  wall,  and  nearer  the  upper 
surface  in  the  flat-headed  Dmomis :  in  the  crocodile  it  has  ascended  to  a 
level  with  the  upper  surface  of  the  cranium,  and  forms  the  posterior  angle  of 
that  surface.  The  paroccipitai  presents  a  similar  progressive  ascent,  but  later 
in  the  series  traced  descensively ;  it  does  not  gidn  the  level  of  the  mastoid 
until  we  arrive  at  the  class  of  fishes. 

The  mastoid,  thus  determined  in  the  crocodile,  is  recognized  with  ease 
and  certainty  in  chelonia,  lacertia  and  ophidia.    It  is  a  distinct  bene  in  all 

*  Op.  eii,  t.  T.  pt.  ii.  p.  81.  f  ^*  P-  ^l-  t  9^-  P*  M* 
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Uiese  roptikst  and  preserrea  with  singular  constancy  its  normal  relative  po- 
sition anterior  to  die  exocoipital,  superior  to  and  supporting  the  tympanic, 
aod  anterior  to  the  squamosal  when  this  is  present.  In  lizards  the  mastoid 
is  much  reduced  in  size :  in  serpents  it  attains  a  considerable  length.  In  the 
python  and  most  serpents  it  forms  no  part  of  the  proper  wall  of  the  cranium, 
hut  overlaps  the  contiguous  parts  of  the  parietal,  alisphenoid,  supra-occipital, 
aod  exoccipital,  projecting  backwards  beyond  the  latter.  It  is  large  in  the 
serpentiform  batracbia,  but  presents  in  Cacilia  ^Cuvier,  Regne  Animal,  1817, 
pi.  6.  figs.  1  &  2,  ^)  its  normal  connections  wiUi  the  occipital  (/),  parietal 
(e),  tympanic  (A),  and  also  with  the  post-frontal,  which  has  coalesced  or  is 
connate  with  the  frontal  (at  <(  1.  c).  Cuvier  does  not  admit  of  thu  conflu- 
ence in  the  csecilia ;  and  although  he  assigns  the  character  '  point  des  fron« 
taux  post^rieures*  to  the  typical  batrachia*,  gives  the  name '  posterior  frontal ' 
with  a  note  of  doubt,  indeed,  to  ^,  and  assigns  to  the  bone  h,  which  suspends 
the  mandible,  the  name  of  '*  mastoidiens  et  caisaes  r^unisf."  There  is  no 
actual  necessity  for  assuming  so  rare  a  confluence  to  characterize  the  caecilia. 
The  mastoid  exists  with  all  its  normal  connections,  and  beautifully  manifests 
by  its  independence  and  large  size  the  affinity  of  the  caecilia  to  the  true 
ophidia.  In  the  typical  batrachia,  where  the  cranium  is  remarkably  cha- 
racterized by  instances  of  confluence  which  seem  borrowed  from  the  warm- 
blooded classes,  the  mastoid  sometimes  loses  its  independence,  and  appears 
as  an  exogenous  process  from  the  external  and  posterior  part  of  the  parietal, 
retaining  however  its  normal  office  of  suspending  the  tympanic :  but  in  a  skull 
of  the  ^iaua  hoam  now  before  me,  the  suture  between  the  mastoid  Tfig.  13,  s) 
and  parietal  (r)  is  not  obliterated,  and  it  further  articulates  with  the  exocci- 
|»tal  (»)  behind  and  the  alisphenoid  (e)  in  front.  Cuvier,  in  his  description  of 
the  tympanic  of  the  Rana  etcvhntaX^  says,  that  its  upper  branch  articulates 
with  the  '  rocher.'  In  Rana  boons  that  branch  articulates  exclusively  with 
the  truncated  extremity  of  the  broad  outstanding  mastoid,  which  mastoid 
overhangs,  as  in  all  fishes,  the  petrosal,  which  is  chiefly  cartilaginous  in  the 
Rama  boaau  (ib,  is).  In  Rana  esculenta  the  mastoid  (Dug^  Recherches 
sur  les  Batrachiens,  fig.  1,  is)  appears  to  have  coalesced  with  the  alisphenoid 
(ib.  ^gs.  2,  6  &  7, 13) ;  and  the  compound  bone  has  received  the  name  of 
*  rocher'  from  Cuvier  and  that  of  '  rup^-pt6real '  from  Dug^  The  fora- 
men ovale  however  marks  the  alisphenoidal  part  (a  distinct  bone  in  my  Rana 
boaMs)f  and  the  suspension  of  the  tympanic  marks  the  mastoid,  which,  with 
its  other  connections,  overhangs  abo  in  Rana  viridisih&t  mass  of  cartilage  § 
which  immediately  invests  the  membranous  labyrinth  and  forms  the  *  fenestra 
ovalis'  against  which  the  plate  of  the  columelliform  stapes  is  applied. 

Prof.  J.  Muller  has  well  recognized  the  homologue  or  this  sense  capsule  in  \ 
the  decilia  hypoq^anea^  in  which  he  describes  it  as  ''petrosum  cum  operculo 
feoestrae  ovalisy.**  It  is  situated  further  back  than  in  Rana^  and  appears  poste- 
rior to  the  tympanic  (t)  and  the  large  suspending  mastoid  (A),  to  which  Muller 
gi?es  the  name  of  '  temporale.'  lu  the  singularly  modified  cranium  of  the 
Tffihlpps  the  mastoid  articulates  above  with  the  parietal  and  supraoccipital, 
behind  with  the  exoccipital,  coalesces  in  front  with  the  alisphenoid,  as  in 
some  batrachia,  and  affords  the  usual  articulation  below  to  the  tympanic 
How  necessary  it  is  to  retain  a  clear  and  consbtent  appreciation  of  these  evi- 

*  OsMin.  FoMilet,  v.  pt.  i.  p.  386.  f  B^gne  Animal,  ed.  1817,  t-  iv.  p.  102. 

X  Oiiem.  Foisiles  v.  pt.  ii.  p.  390. 

(  The  precocious  development  of  this  capsule  in  the  larvt  of  the  frog  is  well  shown  by 
Reicbcrt,  '  Entwickelongsgeschichte  des  Kopfes/  4to,  pi.  i.  figs.  13—15,  x :  it  resemhles 
thtt  hi  the  myzinoids  and  Ismpreys. 

n  B^lbrige  znr  Anstomie  der  Amphibien;  Tiedemsnn's  Zeitschrift  fur  Physiologie, 
Bd.  IT.  1831,  p.  218,  pi.  18.  fig.  y.  k. 
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dences  of  the  homology  of  the  mastoid  is  shown  by  the  second  synonym,  *  os 
petrosum/  which  it  has  received  from  the  justly-celebrated  author  of  this 
instructive  memoir  (pi.  20.  figg.  10,  12,  13,  14,/').  The  actual  capsule  of 
the  membranous  labyrinth  is  covered  by  the  mastoid  and  exoccipital,  and 
remains  wholly  cartilaginous,  as  in  other  ophidia ;  and  as  it  likewise  does  in 
Rhinophisy  where  its  name  *  petrosum '  is  in  like  manner  transferred  by  Prof. 
Muller  to  the  coalesced  mastoid  and  alisphenoid.  In  Cheiroies  the  coume 
of  confluence  proceeds  to  obliterate  not  only  the  suture  between  the  mastoid 
and  alisphenoid,  but  that  between  the  mastoid  and  parietal ;  as  also  of  those 
between  the  frontal,  parietal  and  supra-occipital;  the  whole  cranium  pre- 
senting almost  the  extent  of  coalescence  which  characterizes  the  hot-blooded 
bird.  Only  the  immediate  covering  of  the  membranous  labyrinth  remains 
cartilaginous. 

The  sides  of  the  superior  surface  of  the  cranium  of  bony  fishes  usually 
extend  outwards  as  a  strong  irregular  ridge,  from  which  three  processes  more 
paiticularly  project,  which  are  supported  by  three  distinct  bones,  suturally 
united,  and  each  impressed  with  an  articular  glenoid  cavity.  And  here  I 
cannot  avoid  remarliing  how  beautifully  the  principle  of  vegetative  repe- 
tition* is  exemplified  in  the  lowest  class  of  the  Vertebrata,  where  conse- 
quently the  relations  of  serial  homology  of  the  parapophyses  in  question  are 
unmistakeable.  The  positerior  process  or  bone  which  sustains  (in  part)  the 
scapular  arch  is  the  paroccipital  (fig.  5, 4) ;  the  anterior  one,  which  sustains 
in  part  the  tympano-mandibular  arch,  is  the  post-frontal  (ib.  it) ;  and  the 
intermediate  and  usually  most  prominent  bone  (f&.  s),  which  sustains  in  part 
the  epitympanic  (ssa),  and  through  that  the  hyoid  arch,  is  the  homologuc  of 
the  bone  whose  essential  characters  have  been  ditoussed  under  the  name  of 
'  mastoid.'  The  paroccipital  having  now  risen  to  a  level  with  the  mastoid, 
this  forms  the  second  strong  transverse  process  at  each  side  of  the  cranium. 
The  process  is  developed  from  the  outer  margin  of  the  mastoid ;  the  inner 
side  of  the  bone  is  expanded,  and  enters  slightly  into  the  formation  of  the 
walls  of  the  cranial  or  rather  the  otocranial  cavity,  its  inner,  usually  cartila- 
ginous surface  lodging  the  fibro- cartilaginous  continuation  of  the  petrosal 
which  immediately  covers  the  external  semicircular  canaL  It  is  wedged  into 
the  interspace  of  the  ex-  and  par-occipitals,  the  petrosal,  the  alisphenoid,  the 
parietal  and  post-frontal  bones.  The  projecting  process  lodges  above  the 
chief  mucous  canal  of  the  head,  and  below  affords  attachment  to  the  epi- 
tympanic or  upper  piece  of  the  bony  pedicle  from  which  the  mandibular, 
hyoid,  and  opercular  bones  are  suspended :  its  extremity  gives  attachment  to 
the  strong  tendon  of  the  dorso-lateral  muscles  of  the  trunk. 

It  might  have  been  supposed  that  this  contribution  to  the  walls  of  the 
cranial  cavity,  this  articulation  to  the  occipital  and  tympanic  bones,  all  of 
which  are  constant  characters  of  the  mastoid  in  mammals,  and  but  occasional 
ones  in  the  squamosal — not  to  speak  of  the  apophysial  form  and  functions  of 
the  bone  in  question  in  the  skull  of  fishes— would  have  made  the  balance  in- 
cline to  the  choice  of  the  '  mastoid '  rather  than  of  the  '  squamosal  *  elements 
of  the  human  temporal  in  the  judgement  of  every  unbiassed  investigator  of 
its  homologies.  The  German  anatomists,  however,  in  falling  with  Cuvier 
into  the  mistake  respecting  the  homology  of  the  '  mastoid '  (no.  s)  in  birds, 
with  the  squamosal  in  mammals,  adhere  more  consistently  to  their  error  and 
continue  to  apply  the  name  *  squamosal  *  or  its  equivalents  to  the  homologous 
bone  in  reptiles  (fig.  22,  s)  and  fishes  (fig.  5,  a). 

*  This  principle  or  law  is  explained  in  the  first  volome  of  my  Hunterian  Lectures  '  On  the 
Invertebrata/  in  which  classes  of  animals  it  is  necessarily  most  strikingly  and  ftilly  exem- 
plified. 
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The  bigb  repute  which  M.  Agassiz  has  so  justly  earned  in  ichthyotomy 
renders  the  accession  of  his  name  in  support  of  Drs.  Hallmann,  Reicherty 
and  Kostlin's  determination  of  the  bone  in  question,  one  to  which  those  able 
homologists  and  their  followers  will  naturally  attach  great  weight,  and  which 
indeed  has  caused  me  to  pause  and  retrace  more  than  once,  and  with  the 
utmost  pains  and  care,  eveij  step  in  the  series  of  comparisons  which  have 
finally  brought  conviction  or  the  accuracy  of  the  Cuvierian  determination  of 
DO,  s  in  fishes. 

1  am  not  aware  that  any  anatomist  has  replied  to  the  objections  to  the 
Cuvierian  view  propounded  by  M.  Agassis.  Dra.  Hallmann  and  Kostlin, 
who  have  published  the  most  elaborate  monographs  on  the  temporal  and 
other  bones  of  the  skull  since  the  time  of  Cuvier,  concur  entirely  with  the 
learned  Swiss  naturalist  Dr.  Reichert,  in  giving  the  name  of '  squama  tem- 
poralis' to  no.  8,  and  that  of  ^processus  temporalis  posterior'  to  its  process, 
transfers  the  name  *  processus  mastoideus'  to  the  paroccipital  (no.  4,  fig.  5)*. 
It  becomes  then  necessary  to  consider  the  arguments  of  M.  Agassiz  in  favour 
of  the  homology  of  no.  a.  in  fishes  with  the  squamosal  no.  S7  in  mammals. 
In  the  valuable  monograph  on  the  osteology  of  the  pike  (JEsox)  in  the  15th 
'Livniison'  of  the  '  Recherches  sur  les  Poissons  Fossiles,'  the  author  says 
(p.  66),  ^  Un  OS  de  la  tdte  plac4  entre  le  frontal  post^rieur,  le  frontal  prin* 
cipal,  le  parietal,  la  grand  aile  sphenoidale  et  Foccipital  lateral,  ne  saurait 
jamais  £tre  envisage  comme  correspondant  k  I'apophyse  mastoldienne  du 
temporal.  D'apr^  ses  liaisons,  je  crois  done  qu'il  faut  en  visager  le  mask^diem 
de  Cttvier  comme  Tanalogue  de  Yicailie  du  temporal  ou  comme  le  temporal 
propiement  dit.  C'^tait  d6j&  I'opinion  de  Spix,  qui  est  tomb^  juste  sur  ce 
point."  To  this  I  reply  that,  in  regard  to  the  connections  of  the  mastoid,  those 
with  the  parietal,  alisphenoid  and  exoccipital,  are  more  constant  than  that 
with  the  frontal,  which  is  interrupted  in  mammalia  by  the  interposition  of 
the  expanded  squamosal,  peculiar  to  that  class ;  but  the  mastoid  retains  its 
piscine  connection  with  the  postfrontal  in  many  reptiles  and  some  birds.  On 
the  other  hand,  the  union  of  the  squamosal  with  the  frontal  is  by  no  means 
a  constant  character  in  mammalia :  it  is  rarely  found  in  the  orang,  still  more 
rarely  in  man,  never  in  the  cetacea  and  monotremes,  nor  in  certain  ruminants, 
nor  in  the  myrmecophaga,  &c.  The  connection  of  the  mastoid  with  the 
frontal  is  more  common  than  is  the  connection  of  the  squamosal  with  the 
exoccipital.  It  is  a  bold  leap  to  take  from  the  mammal  to  the  fish  in  the  de- 
termination of  a  variable  bone  like  the  squamosal :  nevertheless,  1  would  re- 
quest the  unbiassed  reader  to  glance  at  fig.  12,  whilst  he  reads  M.  Agassiz's 
prieia  of  the  character  of  the  squamosal  above  cited,  and  see  how  far  no.  s  de- 
viates from  it,  save  in  regard  to  the  frontal  connection.  Spix,  who  appears 
Dot  to  have  traced  the  beautiful  gradation  of  the  mastoid  in  the  mammalia, 
and  who  was  unacquainted  with  Qie  decisive  step  to  its  normal  condition  in 
the  oviparous  vertebrates  made  by  the  monotremes, — and  who  was  influenced, 
therefore,  by  seeing  that  bone  in  higher  mammals  pushed  back  from  any  con- 
nection with  the  alisphenoid  and  postfrontal  by  the  interposed  squamosal, 
which  usurps  these  connections  and  combines  them  with  others,  as  with  the 
parietal  and  tympanic,  which  the  mastoid  Tno.  s)  presents  in  fishes, — not  un- 
reasonably concluded  that  no.  s  represented  the  squamosal  in  that  class ;  and 
it  is  probable  that  M.  Agassiz,  who  received  his  anatomical  rudiments  at 
Munich,  and  was  early  engaged  in  describing  the  fished  collected  in  Brazil  by 
the  author  of  the  *  Cephalogenesis,'  might  have  derived  a  bias  in  favour  of  this 
view  which  prevented  his  assigning  their  due  value  to  the  connection  of  no.  s 
in  fishes  with  the  paroccipital,  and  its  contribution  to  the  otocranial  cavity. 

*  Op,  eii.  ub.  iii.  figs.  9  and  13,  p,  g. 
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In  urging  a  reconsideration  of  4he  value  and  significancy  of  these  charac- 
ters, I  may  repeat  that  in  mammals  the  mastoid  constantly  presents  them, 
whilst  the  squamosal  yery  rarely  has  the  first,  and  not  often  the  second  chap 
racter.  It  must.also  be  remembered  that  the  squamosal  loses  its  connection 
with  the  frontal  and  progressively  decreases  in  the  mammalian  class  to  less  than 
the  dimensions  of  the  mastoid  itself,  as  e,  g,  in  echidna  (fig.  12),  whilst  in  this 
monotreme  the  mastoid,  s,  besides  its  connections  with  the  parietal  and  exocd- 
pitid,  extends  forwards  to  articulate  with  the  alisphenoid,  o.  If  ossification 
were  restricted  in  mammals  to  no.  s,  fig.  11,  in  reference  to  is,  which  re- 
mained cartilaginous,  then  no.  s  would  have  the  same  relation  to  the  otocrane, 
or  in  other  wonis,  would  contribute  the  same  protection  to  the  acoustic  laby- 
rinth, which  no.  s,  fig.  5,  performs  in  fishes ;  the  external  'semicircular 
canal  at  least  would  be  protected  in  the  mastoid  by  both :  only  in  mammalia 
the  mastoid  would  also  extend  over  the  posterior  canal.  The  petrosal  loses 
no  part  of  its  essential  character  as  the  capsule  or  outer  tunic  of  the  laby- 
rinth by  becoming  ossified,  nor  is  it  less  recognisable  in  fishes  within  the 
mastoid,  by  remaining  membranous  or  cartilaginous,  than  is  the  sclerotic 
capsule  of  the  eye  in  its  chamber  or  orbit;  which  capsule,  in  like  manner, 
presents  all  the  corresponding  histological  modifications  in  one  or  other  part 
of  the  vertebrate  series.  The  mask  which  has  concealed  the  true  features  of 
resemblance  in  the  human  mastoid  to  that  of  fishes,  is  simply  the  petrosal 
ossified  and  cemented  to  it.  But  the  squamosal  presents  no  such  relations  to 
the  bony  capsule  of  the  semicircular  canals  in  any  mammal*  Even  the 
connection  of  the  squamosal  with  the  tympanic  bone  is,  as  we  have  seen,  far 
less  constant  and  intimate  in  mammals  than  the  connection  of  the  mastoid 
with  the  tympanic*. 

In  the  anatomical  description  of  the  existing  ganoid  fishes  which  M. 
Agassiz  has  unfortunately  called  <  Sauroidf*'  the  ^ne  no.  s  is  described  as 

*  From  the  remark  in  p.  53,  t.  ii.  pi.  ii.  '  Recherches  rar  les  Poin.  Fom.,'  it  would  seem 
that  the  drcumatance  of  the  eztention  of  the  tympanic  air-cells  into  the  mastoid,  in  certain 
^ftminaliit,  had  Weighed  with  M.  Agassiz  in  determining  its  homological  characters. 

t  All  the  characters  hy  which  these  highly  organized  fishes  approximate  the  RepMa  are 
found,  not  In  the  highest,  but  in  the  lowest  order  of  that  class,  via.  in  the  hatiarhis,  and  herein 
more  especially  in  the  salamandert.  The  air-bladder  of  Ltpid&Hem  vesembles  the  long  of 
the  serpent  in  its  singleness,  and  those  of  the  salamander  in  the  defl;ree  of  its  cellnlarity ; 
some  parts  of  the  structure  being  peculiarly  piscine.  The  bifid  air-bladder  of  Pofyptenu 
resembles  the  lungs  of  the  saUunandroid  menopome  and  protens,  in  the  want  of  cellular 
walls.  The  characterittic  large  bulbns  arteriosus  and  its  numerous  rows  of  valrea,  which 
distinguish  the  ganoids  fitm  most  other  osseous  fishes,  are  retained  in  the  menopome,  but 
are  not  present  in  any  saurian.  The  anterior  ball  and  posterior  cup  of  the  vertdine  of  Le* 
pidotteui  are  repeated  in  the  salamander  and  pipa,  but  in  no  existing  saurian.  The  laby- 
rinthodont  character  of  the  teeth  of  Lepidosteus  was  developed  to  its  maximum  in  the  great 
extinct  reptiles  {Salamandrmdei,  Jager),  which,  by  their  double  occipital  condyle,  denti- 
gerous  double  Tomer,  and  biconcave  Tertebne,  were  essentiaUy  Bc#nieAi«,  not  SmriM ;  and 
which  combined  characters  now  found  in  the  lower  ealamandroid  Bairttekkif  with  the  dental 
ones  borrowed  from  fishes,  and  but  feebly  manifested  by  the  most  fish-like  of  saurians 
(Ichthyotaurut).  All  the  so-called  sauroid  fishes  retain  the  characteristic  piscine  articular 
concavity  on  the  basioccipital  for  the  atlas :  it  is,  however,  very  shallow  in  the  polypterus ; 
and  is  also  extended  transvendy,  with  the  lateral  borders  or  angles  so  prominent,  that,  as 
M.  Agassiz  well  remarks,  **  it  needs  very  Uttle  to  change  thia  transverse  articulation  with  iu 
two  lateral  ridges  into  two  distinct  articular  condyles,'^  iL  c.  p.  71.  But  this  would  convert, 
pro  tantot  the  polypterus  into  a  batrachian,  not  into  a  saurian.  So  far  as  the  character  of  a 
single  convex  occipital  condyle  is  valuable  as  a  marie  of  afibiity  to  the  Sauriay  it  is  present 
in  a  fish  of  a  diflTerent  order  ftom  the  ganoids,  and  vrith  much  fewer  approximations  in  other 
xespecto  to  the  reptilian  class,  viz.  in  the  PUhUaria  tmbaeetarim.  There  nmains,  therefore, 
only  the  character  of  the  enamelled  scales  which  the  polypterus  and  l^dosteus  present  io 
common  vrith  all  the  lower  organized  ganoids,  and  which  to  a  certain  extent  resemble  the 
bony  scutes  of  the  crocodilia.  If  the  deposition  of  calcareous  matter  in  and  upon  the  skin 
were  not  essentially  a  retention  of  a  very  low  type  of  skeleton ;  if  it  were  not  presented  bj 
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taking  part,  by  ItM  large  sise,  in  the  formatioo  of  both  the  internal  and  ex« 
teroal  iorfaees  of  the  cranial*  box,  vrhich  siae  depends  eMentially  on  the 
degree  of  development  of  the  frontala,  parietals  and  ocdpitals :  it  u  further 
■Tged  that  the  tuborbitab  ('apophyse  jugale')  are  likewise  attached  to  it;  that 
the  pfeoperealar(*apophyte  8ty]olde')divergen,  and  it  directed  or  abats  against 
k;  thit,  finally,  the  bone  in  qoestton  (no.  •,  fig.  5)  is,  with  the  exception  of  the 
petrosal,  the  sole  part  of  the  temporal  bone  which  takes  a  direct  part  in 
the  fonnation  of  the  cranial  box.  *'  D'aprds  ces  considtotions,"  M.  Agassia 
proceeds,  *'il  est  impossible  de  prendre  Tos  No.  12  [no.  s,  in  fig.  5],  que 
Cavier  a  nomna^  magMdietii  pour  autre  chose  que  pour  hi  veritable  toulle  du 
temporal.  II  prend  part  &  la  fonnation  de  la  botte  c^r^brale,  il  donne  inser* 
tioo  i  Taicade  aygomatique,  enfin,  il  pr^te  une  articulation  au  priopercnie, 
que  noes  regardons  maintenant  eomme  le  veritable  reprtentant  de  I'apo* 
physe  styioide  du  temporal,**  L  c,  p.  63.  Admitting,  for  the  sake  of  the  argu- 
ment, that  the  preopercular  is  the  bomologue  of  the  stylohyal,  and  that  it  arti* 
enlstes  with  the  so-called  *  6caille  du  temporal,'  which  is  not  the  case  in  the 
Bajority  of  fishes,  yet  this  would  proTc  more  for  the  *  mastoid'  than  for  the 
'  iqiiamosal'  character  of  no.  s,  tig.  5.  The  stylohyal  unquestionably  artien* 
Utes  ia  many  mammals  with  the  mastoid  or  petromastoid,  between  which 
ind  the  tympanic  it  is  anchylosed  in  man,  and  it  rests  with  M.  Agasaix  to 
demonstrate  the  species  in  which  it  articulates  with  the  true  squamous  part 
of  the  temporalf. 

With  regard  to  the  connection  with  the  suborbital  chain  of  ossicles,  which 
M.  Agassiz  regards,  with  Geoflhiy,  as  the  jugal  or  zygomatic  arch,  even 
admitting  such  connection  to  be  the  rule  and  not  the  exception,  all  its 
force  as  an  argument  in  favour  of  the  squamosal  character  of  na  e  will 
depend  on  the  ultimate  decision  of  comparatiye  anatomists  as  to  the  respect- 
ive daiffls  of  the  upper  and  lower  zygomata  in  the  macaw's  skull,  for 
example,  to  a  special  homology  with  the  zygomatic  arch  in  man  and  other 
muomals.  The  orbit  in  the  bird  cited,  as  in  other  PsUtadda^  is  circum- 
icribed  below  by  a  bony  frame  continued  from  the  lacrymal  to  the  post* 
frontal,  and  thence  to  the  bone  (no.  s)  which  I  regard  as  the  mastoid. 
Below  this  frame,  the  slender  bone,  considered  by  Cuvier  as  the  jugal,  and 
by  me  as  the  coalesced  jugal  (so)  and  squamosal  (sr,  fig.  123),  extends  from 
the  maxillary  (ti)  backwards  to  the  tympanic  (ss),  and  forms  a  second  arch 
or  lygoma.  According  to  the  Cuvierian  and  generally  •received  view  of  the 
hoiDobgy  of  no.  s  in  the  bird,  the  bridge  which  it  sends  forward  over  the 
tempord  foasa  to  join  the  above-described  inferior  boundary  of  the  orbit, 
in  the  macaw,  would  be  the  zygomatic  process ;  and  that  boundary  would  be 
what  M.  Agassiz  calls  its  homologue  in  fishes,  viz.  the  jugal  or  *  arcade  zygo- 
notique.'    Bat  what  then  is  the  parallel  zygomatic  arch  below,  connecting 

BMoy  fishes  of  different  grades  of  organization,  and  by  some,  as  the  sturgeons  and  siluroids^ 
^'f.  under  a  scattered  arrangement,  more  like  that  in  the  crocodiles  than  is  seen  in  the  scale 
innour  of  the  typical  ganoids,  it  might  have  some  weight  in  proving  th«  aiBnity  of  such 
guoids  to  the  highest  order  of  repdlia;  but,  viewing  this  character  under  all  its  relations^ 
1  un  not  disposed  to  regard  it  as  establishing  that  aiBnity  more  directly,  than  it  would  the 
*ffiiutj  of  the  crocodile  to  the  mammalian  genus  Daaypui.  It  is  for  the  reasoos  above  assigned 
that  I  have  been  accustomed  to  treat,  in  my  Lectures,  of  the  anatomical  characters  of  the 
rmp  represented  by  the  Polypienu  vad  Lepidotiau,  as  those  of  a  Sakmumdroidt  rather  than 
^  t  StmM  family  of  fishes ;  the  characters  being  carried  out  in  the  diieetion  of  the  batra- 
chisa  order  1^  the  remarkable  genera  Proicpimrut  and  Lqfido$irm* 

*  More  properly  '  otocranial,  in  lepidosteus  at  least. 

t  In  my  notes  on  the  osteology  of  Mammalia,  I  find  that  the  stylohyal  sometimes  artico- 
htet  with  the  petrosal,  sometimes  with  the  mastoid,  exdnsivdy,  as  in  most  mammals, 
•ooKtimes  with  the  tympanic,  sometimes  with  the  paroocipital  process :  but  no  instsace  is 
VKoided  of  itsarticnlation  with  the  squamous  portion  of  the  temporal. 


210  REPORT — 1846. 

the  maxillary  with  the  tympanic,  and  marked  9t^  in  fig.  7,  taf.  i.  of  Dr.  HaU- 
mann's  monograph  ?  If  Cuvier  had  been  correct  in  regarding  no.  a  as  the 
squamotal,  the  name  '  jugal'  ought  to  have  been  transferred  from  the  lower 
zygoma  to  the  upper  one  connected  with  such  squamosal  in  the  macaw  :  and 
with  a  like  consistency  the  name  'jugal*  ought  to  have  been  retained  for  the 
suborbital  chain  of  dermal  bones  in  fishes,  to  which  it  had  been  applied  by 
GeoffW>y  St.  Hilaire,  and  to  which  it  has  been  restored  by  M.  Agassiz.  But, 
in  truth,  there  may  be  clearly  discerned  in  the  beautiful  modification  which 
has  been  adduced  from  the  JrnfftictcZte,  a  proof  of  Cuvier's  erroneous  homo- 
logy of  the  bone  no.  %  in  the  class  of  birds,  and  at  the  same  time  of  his 
accurate  homology  of  the  same  bone  in  that  of  fishes. 

Is  there  no  significance  in  the  fact  of  the  bone  anterior  to  the  orbit,  which 
we  call  lacrymal  in  man  down  to  the  lowest  reptile,  being  constantly  per- 
forated by  a  mucous  duct?  Can  we  not  recognize  in  this  function  and 
glandular  relation,  as  in  the  commonlv  thin  scale-like  character  of  that  bone, 
and  its  connections  in  front  of  the  orbit,  the  repetition  of  the  characters  of 
the  largest,  most  anterior,  and  most  constant  of  the  suborbitals  in  fishes  ?  If 
the  rest  of  that  chain  be  sometimes  wanting,  but  more  commonly  present  in 
that  class ;  if  it  should  present  the  condition  occasionally  of  a  strong  conti- 
nuous bony  inverted  arch,  spanning  the  orbit  below  from  prefrontal  to  post- 
frontal,  as  in  the  right  orbit  of  the  Hippoglostus  and  the  left  orbit  of  IUiombu9\ 
ought  we  to  lose  our  grasp  of  the  guiding  thread  of  '  connections'  by  being 
confronted  with  a  repetition  of  that  condition  in  the  skulls  of  certain  birds, 
caused  by  a  continuous  ossification  from  the  lacrymal  to  the  post-frontal, 
seeing  that  a  diverging  bony  appendage  of  the  maxillary  arch,  unknown  in  the 
class  of  fishes,  has  there  established  a  second  and  true  *  zygoma'  below  the 
suborbital  one  ?  The  extension  of  the  ossification  from  the  post^frontal  cms 
of  the  suborbital  arch  to  the  mastoid  is,  in  truth,  a  beautiful  repetitioii  of  an 
ichthyic  cranial  character,  not  unknown  however  in  the  reptilia ;  and  whilst 
it  adds  a  proof  of  the  mastoidal  character  of  no.  s  in  the  bird,  it  reflects 
reciprocal  confirmation  of  the  accuracy  of  Cuvier's  determination  of  that 
bone  in  fishes. 

The  true  signification  and  homologies  of  the  bones  in  that  interesting 
class  could  never  have  been  elicited  from  an  exclusive  study  of  it^  however 
extensive,  detailed  or  profound ;  nor  will  the  feeble  rays  reflected  from  an- 
thropotomical  reminiscences  lend  sufiicient  light  in  their  determination :  they 
can  he  clearly  discerned  only  by  the  full  illumination  of  the  beams  concen- 
trated from  all  the  grades  of  organic  structure.  M.  Agassis,  descending  to 
the  determination  of  the  squamosal  in  fishes  from  its  characters  in  man,  con- 
cludes that  it  must  be  the  bone  no.  s,  fig.  5,  because  that  bone  takes  part  in 
the  formation  of  the  inner  as  well  as  the  outer  walls  of  the  cranial  cavity.  But 
this  protective  function  b  an  exceptional  one  in  the  squamosal  (flg.  6,  sr) ; 
it  is  peculiar  to  that  bone  only  in  one  class,  and,  as  we  have  seen,  is  not  con- 
stant even  there ;  whilst,  on  the  other  hand,  the  mastoid  is  recognizable 
from  the  inner  surface  of  the  cranial  walls  of  the  highest  mammal  (in  the 
human  cranium  where  it  is  impressed  with  the  fossa  sigmoidea,  fig.  6,  s),  and 
in  a  still  greater  degree  in  that  of  the  lowest  mammal  {Echidna^  fig.  12,  s) ; 
whilst  in  almost  every  mammal,  by  its  coalescence  with  the  outer  surface  of 
the  petrosal,  it  closely  repeats  the  protective  character  in  relation  to  the  ex- 
ternal semicircular  canal,  which  it  presents  in  fishes, — a  function  which  is 
altogether  foreign  to  the  squamosal  in  every  mammal.  I  have  dwelt  thus 
long,  perhaps  tediously,  and  it  may  be  thought  unnecessarily,  on  the  true 
characters  and  homologies  of  the  petrosal  and  mastoid.  But  their  determina- 
tion is  essential  to,  and,  indeed,  involves  that  of  the  squamosal  and  other 
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dismembermeiits  of  the  human  temporal  bone ;  and  we  cannot  climb  to  the 
higher  generalizations  of  anatomical  science,  except  by  the  firm  steps  of  true 
and  assured  special  homologies.  There  are  more  important  subjects  than 
homologies,  no  doubt ;  but  nothing  ib  more  important  than  truth,  in  whatever 
path  we  may  be  in  pursuit  of  her. 

Ofhiio^fihentniL — As  evidence  will  be  given  in  the  section  on  ^  General 
Homology'  that  both  squitknosal  and  tympanic  belong  to  a  quite  distinct 
category  of  bones  from  the  parts  of  the  'temporal'  which  have  just  been 
discussed.  I  shall  proceed  next  to  the  neurapophyses  that  precede  the 
alitfphenoid. 

As  the  determination  of  this  bone  (o  in  all  the  figures)  involves  that  of 
the  orbitosphenoid  (in)^  which  has  rarelv  been  mistaken*  for  any  other  bone 
than  s,  there  remains  little  to  be  added  in  proof  of  its  homology  after 
what  has  been  advanced  respecting  the  albphenoid.  The  most  constant 
character  of  the  orbitosphenoid  is  its  relation  to  the  optic  nerve,  which  either 
perforates  or  notches  it,  whenever  the  ossification  of  the  primitive  cartilage 
or  membrane  holding  the  place  of  the  bone  is  sufficiently  advanced,  which 
is  not  always  the  case  in  fishes,  especially  those  with  broad  and  depressed 
heads,  and  still  more  rarely  in  lacertine  saurians.  The  recognition  of  the 
orbitosphenoid  is  also  often  obscured  by  another  cause,  viz.  the  tendency  in 
the  dais  ReptUia^  and  especially  in  ophidians  and  chelonians,  to  an  extension 
of  ossification  downwards  into  the  primitive  membranous  or  cartilaginous 
neorapophysial  waUs  of  the  brain-case,  directly  from  the  parietal  and  frontal 
bones. 

In  tiie  fishes  with  ordinary-shaped,  or  with  high  and  compressed  heads, 
the  oibitosphenoids  are  usually  well-developed :  they  are,  however,  repre- 
lented  by  descending  plates  of  the  frontal  in  the  garpike ;  and  they  are,  like  the 
alisphenoids,  mere  processes  of  the  basisphenoid  in  the  polypterus,  which  thus 
ofiers  so  unexpected  a  repetition  of  the  human  character  of  the  correspond- 
ing partsf.  In  the  cod  (fig.  5,  lo)  they  are  semielliptic,  raised  above  the  pre- 
sphenoid  (o),  suspended,  as  it  were,  between  the  alisphenoid  («)  and  the 
frontal  (ii),and  bounding  the  sides  of  the  interorbital  outlet  of  the  cranium : 
the  optic  nerves  pierce  the  unossified  cartilage  closing  that  aperture,  imme^ 
diatdy  beneath  the  bone  itself.  In  the  malacopterous  fishes  with  higher 
and  more  compressed  heads,  the  orbitosphenoids  are  more  developed ;  they  are 
directly  pierced  or  deeply  grooved  by  the  optic  nerves,  and  are  pierced  also 
by  the  ^  nervi  pathetici'  in  the  carp.  The  crura  of  the  olfactory  ganglions 
(rhinenoephala}  pass  out  of  the  interorbital  aperture  of  the  cranium  by  the 
upper  interspace  of  the  orbitosphenoid,  into  the  continuation  of  the  cranial 
cavity  which  grooves  the  under  surface  of  the  frontal,  in  their  course  between 
the  orbits  to  &e  prefrontals.  The  orbitosphenoids  protect,  more  or  less,  the 
sides  of  the  prosencephalon ;  and  this  function,  their  transmission  of  the  optic 
nerves,  their  anterior  position  to  the  alisphenoids,  and  their  articulation 
above  with  the  frontals,  establish  their  special  homology  from  the  fish  up  to 
man. 

In  certain  fishes  a  distinct  centre  of  ossification  is  set  up  in  the  median 
line  of  the  fibrous  membrane  or  cartiUge,  closing  the  interorbital  aperture 
of  the  cranium,  below  the  orbitosphenoids,  and  extending  forwards  as  the  in- 
terorbital septum.  The  bone  (represented  in  outline  in  fig.  5,  at  o')  extends 
downwards  to  rest  upon  the  presphenoid  (t6.  o),  and  bifurcates,  as  it  ascends, 

*  Geoffiroy  in  hii  memoir  on  the  skull  of  birds  (Ann.  du  Mas.  z.)i  indicates  the  orbitospbe* 
Koid  at  P,  t.%,  2,  pi.  27,  as  the  *  rocher' :  and  Cnvier  describes  it  as  part  of  his  *  os  en  cein- 
taie'  in  snourons  batrachia. 

t  Agaaaiz,  Bccherches  snr  les  Poissons  Fossiles,  ii.  p.  38. 
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to  join  and  prop  up  tbe  elevated  orbitonphenoids  in  the  perch  and  cietrp  (not 
in  the  cod).  The  reUtions  of  this  ossicle  are  precisely  those  of  the  part 
forming  the  conjoined  bases  of  the  orbitosphenoids  in  maniinab,  and  nsoallj 
called  the  '  body  of  the  anterior  sphenoid/  in  them ;  though  this  is  deve- 
loped from  two  distinct  centres.  In  the  young  whale  I  found  it  supported 
by  a  direct  extension  of  the  basispbenotd  forwards,  which  joins  the  back- 
wardly  prolonged  vomer,  as  in  fishes.  The  common  base  of  the  orbitosphe- 
noids is  peculiar,  as  a  distinct  bone,  so  far  as  I  know,  to  fishes.  It  has  been 
called  by  Bojanus*  the  *  basis  alarum  minorum  sphenoidei  seu  rostrum  sphe* 
noidei';  by  Geoffrey  ^  entosph^nal* ;  and  by  Cuvier  Me  sph6noide  ant^rieure.' 
M.  Agassiz  opposes  these  determinations  by  the  following  remarks,  founded 
on  the  embryological  researches  of  the  ingenious  Dr.  Vogt: — ''In  fishes 
with  a  short  and  thick  muzzle,  the  cartilaginous  embryonal  plate  ('  plaque 
faciale'  of  Vogt),  which  serves  as  the  base  of  support  to  the  prosencepha- 
lon and  the  nasal  fossae,  is  transformed  into  an  independent  bone,  ^  se  trans- 
forme  int^gndement  en  os."  It  is  then,  he  says,  **  represented  by  the  cranial 
ethmoid  (le  sphhuMe  cmtMeure  of  Cuvier),  an  azygous  bone,  '  os  impair,' 
short,  of  an  almost  square  form,  in  which  are  pierced  the  canals  for  the 
transmission  of  the  olfactory  nerves.  But  in  the  fishes  with  elongated 
muzzles,  and  of  which  the  eyes  in  place  of  preserving  their  primitive  lateral 
position  at  the  sides  of  the  mesencephalon  are  carried  forwards  in  advance 
of  the  cranium  between  that  and  the  nasal  fossae,  the  relations  of  the 
'plaque  faciale'  are  necessarily  altered :  part  of  the  plate  remaining  in  lis 
primitive  situation  is  transformed  into  the  *  cranial  ethmoid,'  the  other  part 
js  carried  forwards,  but  is  never  transformed  into  a  dbtinct  bone:  it  re- 
mains cartilaginous  as  the  nucleus  of  the  muzzle;  or  if,  indeed,  the  ossifi- 
cation of  the  muzzle  is  completed,  it  disappears  by  virtue  of  the  progressive 
encroachment  of  the  exterior  ossification.  This  is  the  reason  why  fishes 
-have  never  a  true  '  nasal  ethmoid'  (the  bones  called  ethmoid  by  Cuvier  are 
the  nasals),  but  only  a  cranial  ethmoid  f."  Influenced  by  the  deservedly 
high  authority  of  M.  Agassiz,  I  adopted  his  homology  of  the  bone  9'  in  the 
*  Hunterian  Lectures  on  Vertebrata,'  delivered  in  1 844.  But  since  the  notes  of 
-those  lectures  were  printed,  having  been  charged  with  the  formation  of  a  new 
Osteological  Catalogue  of  the  Hunterian  Museum,  I  have  carefully  reconM- 
dered  this  question.  Passing  over,  for  the  present,  the  assertion  that  the  homo- 
logue  of  the  '  nasal  ethmoide'  does  not  exist  in  fishes,  I  would  first  observe, 
that  if  the  orbital  aperture  (or  what  appears  to  those  who  deem  the  rhinen- 
cephalic  crura  to  be  olfactory  nerves,  the  anterior  aperture)  of  the  cranium 
were  homologous  with  the  aperture  closed  by  the  cribriform  plate  in  man,  then 
any  bony  bar  or  plate  tending  to  close  that  aperture  might  be  held  to  be  homo- 
logous with  the  cribriform  plate  or  crista  galli  of  the  ethmoid :  but  the  inter- 
orbital  aperture  of  the  cranium  is  always  bounded  laterally,  in  fishes,  by  the 
orbitosphenoid ;  and  the  rhinencephala  and  their  crura  extend  forwards,  to  a 
oonsiderable  dutance  in  most  fishes,  before  the  olfactory  nerves  sent  off  from 
the  rhinencephala  escape  by  those  perforations  in  the  prefrontals,  which  are  the 
true  homologues  of  tbe  single  foramina  of  the  olfactory  nerves  in  the  so-called 
ethmoid  of  birds,  and  of  the  cribriform  foramina  in  mammals.  The  inter- 
orbital  groove  or  canal  in  the  skull  of  fishes,  which  is  continued  from  tbe 
presphenoidal  or  interorbital  aperture  to  the  prefrontal  foramina,  is  as  essen- 
tially a  part  of  the  cranial  cavity  as  is  that  contracted  anterior  olfactory 
chamber  of  the  cranium  of  mammals,  which,  in  the  thylacine,  for  example, 
extends  forwards,  from  where  the  orbitosphenoids  sustain  the  frontals,  ex- 

'*'  Oken's  IsU,  1818,  p.  508. 

t  Recherches  sur  los  PoiMona  Fosnles,  t.  i.  p.  120. 
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pandiogy  to  where  the  frontals  and  the  modified  prefrontals  (ethmoid)  form 
the  actual  anterior  boundary  wall  of  the  cranial  cavity ;  the  chief  distinc- 
tion between  the  condition  of  this  boundary  in  the  mammal  and  the  fish, 
being,  that  whereas  it  is  perforated  by  numerous  apertures  in  the  mammal, 
the  olfactory  nerves  in  the  fish  escape  each  bv  a  single  foramen  or  groove 
in  the  homologous  bones.  As  beautiful  as  true  was  that  clear  perception 
by  Bcjanus  of  the  homology  of  the  simply  perforated  prefrontal  of  the  fish* 
with  its  sieve- like  homologue  in  the  class  in  which  the  olfactory  sense  reaches 
its  maximum  of  development  and  activity,  and  modifies  all  around  it.  The 
coalesced  bases  of  the  orbitosphenoids,  forming  the  anterior  boundary  of  the 
bed  of  the  optic  chiasma,  answer  to  the  separate  ossification  called  'eth- 
moide  cranien '  by  Agassiz,  in  fishes :  it  has  the  same  relation  with  that  con- 
tracted area  of  the  cranium  answering  to  the  interorbital  aperture  of  the  cra- 
nium in  fishes,  which  the  so-called  cranial  ethmoid  (entosphenoid)  presents 
in  fishes ;  aud  this  same  entosphenoid  (fig.  5,  s')  has  as  litUe  relation  to  the 
formation  of  the  canals  pierced  by  the  olfactory  nerves  in  fishes,  as  the 
orbitosphenoid  has  in  mammals.  The  olfactory,  rhinencephalic  or  anterior 
division  of  the  cranial  cavity  in  most  fishes  has  its  lateral  bony  walk  incom- 
plete, and  it  opens  freely,  in  the  dry  skull,  into  the  large  orbital  chambers 
below,  which  are  then  said  to  have  no  septum :  we  see  a  similar  want  of  de- 
finition of  the  cranial  cavity  in  relation  to  the  great  acoustic  chambers  in  most 
fishes.  But  in  mammals  the  orbits  are  always  excluded  from  the  rhinence- 
phalic, or  olfactory  compartment  of  the  cranium*;  and  a  like  exclusion 
obtains  in  some  of  the  highly  organized  ganoid  fishes  and  in  the  plagiostomes. 
As  the  prosencephalic  parts  of  the  brain  progressively  predominate,  and  the 
rhinencephalic  parts  diminish,  in  the  higher  mammals,  the  compartment  of 
the  cranium  appropriated  to  the  latter  loses  its  individuality,  and  becomes 
more  and  more  blended  with  the  general  cavity.  In  the  elaborate  '  Icono- 
graphy of  Human  Anatomy*  by  Jules  Cloquet,  for  exaroplef,  the  small  pe- 
culiarities of  the  ^trou  borgne*  and  the  *apophyse  crista  galli*  are  both  in- 
dicated, and  very  properiy ;  but  the  rhinencephalic  or  olfactory  division  of 
the  cranial  cavity,  though  defined  by  the  suture  between  the  orbitosphe- 
noids and  prefrontab  and  lodging  the  olfactory  ganglia  or  rhinencephala, — 
so  important  an  evidence  of  the  unity  of  organization  manifested  in  man's 
frame  and  traceable  in  characters,  strengthening  as  we  descend  to  the  lowest 
osseous  fishes — is  wholly  unnoticed.  Thus,  very  minute  scrutiny,  con- 
ducted with  great  acuteness  of  perception  of  individual  features,  qualities 
highly  characteristic  of  the  antbropotomists  of  the  school  of  Cloquet,  being 
directed  from  an  insulated  point  or  view,  prove  inadequate  to  the  apprecia- 
tion of  sometimes  the  most  constant  and  important  features  of  their  exclusive 
subject. 

But  to  return  to  the  homology  Yig.  13. 

of  the  orbitosphenoids.  Intheme- 
oopome  these  neurapophyses  are 
elongated  parallelograms,  perfo- 
Tated  by  the  optic  nerves,  and  are 
distinct  bones.  In  the  great  bull- 
frog (^Rana  boons)  they  present  a 
Mmilar  form  (fig.  13,  lo),  but  are 
confiuent  with  the  prefrontals  (h)  :  «^  ▼*«*  ^  cnuriom  (Aom  hoam),  nat.  tUe. 

in  both  batrachians  an  unossified  space  intervenes  between  them  and  the  ali- 

*  This  is  not  to  be  confounded  with  the  ol&ctory  chsmber  itself,  lodging  the  vigsn  of 
•mfiL 
t  Msnuel  d'Anatomie  Descriptive,  4to,  Atlss,  pi.  8,  fig.  2. 
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sphenoid  (o).  Id  most  lizards  the  wider  roof  of  the  cranium,  supported  by  the 
long  mastoids,  squamosals,  pojtfrontals  and  malars,  like  a  bouj  scaffolding 
on  each  side,  is  independent  of  its  proper  (neurapophysial)  walls  for  support, 
and  these  retain,  through  the  oeconomy  of  nature,  their  primitive  semi-mem- 
branous, semi-cartilaginous  state.  A  dismemberment  of  the  alisphenoid 
(which  may  be  discerned  as  a  process  of  that  bone  in  the  piscine  genera 
Xiphiasj  Sphyrmna)  props  up  the  parietal  upon  the  pterygoid,  so  like  a  post 
or  pillar,  that  the  name  'columella'  may  well  be  retained  for  it.  At  the 
sides  of  the  membrane  forming  the  orbital  aperture,  rudiments  of  the  orbi- 
tosphenoids  may  be  seen  in  most  lacertia :  I  find  them,  e,  g.  in  the  form  of 
a  slender  osseous  filament  on  each  side,  slightly  bent  inwards  and  bifurcate 
above,  in  a  large  Australian  lizard  (  Cyclodus  gigas).  In  the  crocodile  (figA> 
9,  20,  and  22,  lo)  the  orbitosphenoids  attain  their  maximum  of  development, 
but  retain  all  their  typical  characters:  they  bound  the  orbital  aperture  of  the 
cranium ;  are  notched  below,  as  in  many  fishes,  by  the  optic  nerves  (jop) ; 
are  perforated  by  the  pathetic  and  other  orbital  nerves  at  the  '  foramen  spheno- 
orbitale'  (#) ;  they  protect  the  sides  of  the  prosencephalon  ;  support  above  the 
frontals  (and  by  their  backward  development  also  the  parietals) ;  and  they 
rest  below  upon  a  peculiar  development  of  the  presphenoid  (9),  which  seems 
to  answer  to  the  entosphenoid  in  fishes. 

Some  salient  points  of  resemblance  between  the  cranial  organization  of  fishes 
and  birds  have  elicited  remarks  from  more  than  one  comparative  anatomist 
Not  to  dwell  upon  the  more  obvious  correspondence  arising  out  of  the  mo- 
bility of  the  upper  jaw,  chiefly  through  its  connection  with  the  pedicle  of  the 
lower  jaw,  I  may  indicate  the  overhanging  position  of  the  orbitosphenoid 
(figs.  8, 23, 10),  raised  high  above  the  presphenoid  (9),  at  the  back  part  of  the 
interorbital  septum :  we  see  exactly  the  same  position  of  the  orbitosphenoid 
in  many  fishes.  Cuvier  accurately  represents  it  in  the  skull  of  the  perch  *. 
This  beautiful  trait  of  unity  of  organization  b  completely  put  out  of  sight  by 
the  false  homology  of  the  orbitosphenoid  in  fishes  with  the  alisphenoid  in 
birds  and  mammals.  The  progressive  recession  of  the  orbitosphenoid  and 
alisphenoid,  as  we  descend  from  mammals  to  fishes,  transfers  indeed  their 
characteristic  nerve-notches  or  foramina  from  their  posterior  to  their  ante- 
rior margins.  But  the  notch  (pp^  fig.  8)  at  the  posterior  margin  of  the  orbito- 
sphenoid in  the  bird  for  the  escape  of  the  optic  nerve  by  a  foramen  common 
to  it  and  the  nerves  of  the  orbit,  is  not  less  significant  of  its  true  homology 
than  is  the  anterior  notch  in  the  crocodile  or  fish ;  the  osseous  connections 
with  the  sphenoid  below,  with  the  frontal  above,  and  with  the  alisphenoid 
behind,  beine  the  same. 

Pr^ronitus* — If  the  cranium  of  a  cod-fish  be  bisected  horizontally  and 
longitudinally,  its  most  contracted  part  will  be  found  at  the  upper  part  of 
the  interorbital  aperture,  bounded  by  the  orbitosphenoids,  which  mark  the 
division  between  the  prosencephalic  and  rhinencephalic  compartments  of  the 
cavity :  the  latter  extends  as  a  triangular  channel  or  groove  on  the  under 
part  of  the  frontal,  opening  below  into  the  orbits,  gradually  expanding  as  it 
advances  forwards,  and  dividing  into  two  canals,  which  diverge  to  the  inter- 
spaces left  on  each  side  of  the  nasal,  between  it  and  the  bones  (fig.  4, 14),  that, 
meeting  behind  the  anterior  expanded  end  of  the  nasal,  bound  the  anterior 
extremity  of  the  true  and  entire  cranium.  The  diverging  canab  of  the  rhi- 
nencephalic compartment  are  formed  by  the  two  bones  in  question:  the  rhinen- 
cephalaor  olfactory  ganglions  are  sometimes  lodged  at  the  extremities  of  these 
canals,  and  they  send  out  the  olfactory  nerves  by  the  apertures  formed  be- 
tween the  bones  m  and  is,  which  then  ramify  upon  the  vascular  olfactory  sacs, 

*  Hittoire  det  Poiasoiu,  pL  ii.  figg.  L  vii.  14. 
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snpfx>rted  by  the  bones  lo,  fig.  5.    For  the  argmnents  by  which  the  olfactory 
ganglions  in  the  cod  are  shown  to  be  homologous  with  the  olfactory  ganglions 
that  rest  upon  the  cribriform  plate  in  man,  and  by  which  the  medullary  cords 
or  cmra  connecting  them  to  the  rest  of  the  brain  are  shown  to  be  homologous 
with  the  so-called  *  olfactory  nerves*  in  the  human  cranium,  and  for  the  ge- 
neral homology  of  both  as  primary  divbions  and  peduncles  of  the  encephalon, 
the  reader  is  referred  to  Dr.  Desmoulins,  *  Anatomic  des  Systdmes  nerveux 
des  Animaux  ii  Vertebres/  1825,  8vo.  t.  i.  p.  169;  to  Mr.  SoUy*8  excellent 
treatise  ^On  the  Human  Brain,'  1836,  p.  78;  and  to  my  'Lectures  on  the 
Vertebrata,*  1836,  p.  184.    1  there  adopt  the  expressive  name  applied  by 
MM.  Vogt  and  Agassiz  to  this  most  anterior  of  the  four  primary  divisions 
of  the  brain  of  fishes,  and  apply  to  the  peduncles  of  the  *  rhinencephala,* 
which  are  frequently  of  great  length  in  ^hes,  the  name  of  '  rhinencephalio 
crura,*  since  they  are  seriidly  homologous  with  the  prosencephalic  or  cerebral 
crura ;  and  I  call  that  division  of  the  cranial  cavity  which  specially  lodges 
these  crura  and  their  lobes  the  'rhinencephalic*  chamber  or  compartment. 
The  right  appreciation  of  the  above  essential  characters  of  the  most  anterior 
division  of  the  brain  and  the  brain-case  is  indispensable  to  the  accurate  pur- 
suit of  the  homolc^ies  of  the  bones  is,  u  and  i5,  whose  development,  espe- 
cially of  the  pair  no.  i4,  is  governed  by  that  of  the  rhinencephalon.    In  man 
the  all-predominating  cerebrum,  overarching  the  mesencephalon  and  epen- 
cephalon  behind,  and  the  rhinencephalon  in  front,  so  modifies  the  surround- 
ii^  cranial  bones  as  to  obliterate  every  part  of  the  rhinencephalio  division, 
save  the  terminal  fossa  that  immediately  supports  the  so-called  '  olfactory 
ganglia,'  which  fossa  seems,  as  it  were,  to  be  unnaturally  drawn  in  and 
blended  with  the  great  prosencephalic  chamber,  by  reason  of  the  enormous 
outswelling  development  of  the  proper  spines  or  roof-bones  of  that  chamber, 
the  frontals.     Still,  even  here,  through  the  absence  of  any  commissural  band 
connecting  together  the  rhinencephala,  a  fibro-membranous  process  of  the 
endoskeleton  extends  Between  them,  and  into  this  septum  ossification  extends 
from  below,  called  the  '  crista  galli.*    In  the  cod-fish  the  homologous  parti- 
tion between  the  rhinencephala  is  cartilaginous,  and  it  extends  some  way  back 
between  their  crura,  not  being  opposed  by  a  coextended  overhanging  cere- 
brum with  great  transverse  commissures.    In  many  fishes  (e.  g.  X^hiot)  the 
oadet  of  the  olfactory  nerves,  which  notches  the  inner  side  of  no.  i4  in 
the  cod,  is  converted  into  a  foramen  by  the  extension  of  ossification  around 
the  mesial  surface  of  the  nerves.    Where  the  olfactory  nerves  are  sent  off 
from  the  ganglions  in  great  numbers  (e.  g.  JRaia)^  they  perforate  a  mem- 
brane before  reaching  and  ramifying  upon  the  vascular  pituitary  sac.     In 
man,  the  homologous  membrane,  or  basis  of  the  olfactory  capsules,  is  ossi- 
fied, and  called  from  its  numerous  apertures  the  cribriform  plate.    The  holes 
which  these  cribriform  plates  fill  up  are  homologous  with  the  foramina,  or 
grooves  forming  the  outlets  of  the  olfactory  nerves  in  the  bones  no.  u  in  fishes 
(figs.  4  and  5). 

The  grounds  for  this  homology  are  so  plain  that  we  cannot  be  surprised 
tiiat  they  should  have  been  early  appreciated,  as  e.  g.  by  the  painstaking  and 
philosophic  Bojanus  in  1818*.  I  never  could  comprehend  the  precise  mean- 
ing of  the  statement  with  which  Cuvier  opposed  his  view : — '*  M.  Bojanus,  par- 
taot  Sana  doute  du  trou  qu*il  a  dans  plusieurs  poissons  pour  le  nerf  olfactif,  en 
fait  ane  lame  cribleuse  de  Fethmoide ;  mais  cette  opinion,  qui  n'apas  ce  soutien 
daas  toutes  lee  especes,  est  r^fut^e  d'ailleurs  par  les  autres  rapports  de  cet  os 
avee  les  os  yoisinsf  .**  Cuvier  seems  to  have  thought  the  ground  of  Bojanus's 
opinioo  to  be  cut  away  by  the  fact  that  in  the  cod  and  some  other  fishes  the 
•  Iiis,  heft  ill.  p.  &03-  t  Histoire  dei  Pennons,  L  p.  236. 
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olfactory  nerves  groove  instead  of  perforate  the  bones  no.  m.  But  the  trige- 
minal still  determines  the  alisphenoid,  whether  it  perforates  or  notches  that 
ueurapophysis  in  its  escape :  the  relation  of  the  alisphenoid  to  the  division 
of  the  6th,  including  the  gustatory  nerve,  and  that  of  the  orbitosphenoid  to 
the  nerve  of  sight,  are  not  more  constant  than  is  the  relation  of  no.  u  to  the 
nerve  of  smell.  The  differences  of  connection  of  no.  i4 — *  les  autres  rap- 
ports'— are  not  specified  by  Cuvier,  and  I  know  none  that  affect  its  esseotud 
character. 

Na  14  is  however  the  most  anterior  of  the  neurapophysial  or  lateral 
bones  of  the  true  cranium,  and  is  in  relation  with  the  anterior  terminal  divi- 
sion of  the  encephalon  and  with  the  first  or  anterior  terminal  pair  of  nerves. 
Like  all  extreme  or  peripheral  parts,  it  is  subject,  aa  we  should  be  prepared 
to  find  it,  to  a  greater  extent  and  variety  of  modifications  than  the  more 
central  neurapophyses.  The  difference  between  its  connections  in  the  fish 
and  that  of  the  cribriform  plates  and  their  sustaining  basis  in  man  may 
therefore  be  expected  to  reach  the  extremes  of  possible  homology.  It  will 
be  interesting  to  inquire  whether  there  are  intermediate  modifications  by 
which  the  nature  of  that  difference  may  be  appreciated,  and  how  many  of 
such  links  are  permanently  retained  in  the  intervening  species. 

We  might  anticipate  the  smallest  amount  of  departore  from  the  fun- 
damental vertebrate  type,  as  respects  form,  size  and  connections  of  the  bones 
in  question,  in  that  class  where  the  principle  of  vegetative  repetition  most 
prevails  and  the  archetypal  plan  is  least  obscured  by  teleological  adaptations. 
Adopting  the  name  modified  from  the  phrase  applied  to  these  bones  by  Cu- 
vier in  those  vertebrata  in  which  they  present  their  most  typical  characten, 
we  find  the  *  prefrontals*  in  all  bony  fishes  resting  below  upon  the  vomer  (figs. 
4  and  5,  i  j)  and  on  part  of  the  prespheuoid  (s),  sustaining  by  their  mesial  and 
upper  surfaces  the  nasal  (is)  and  fore-part  of  the  frontal  (u),  affording  the 
whole  or  part  of  the  surface  of  articulation  for  the  palatine  (so)  or  the  palato- 
maxillary arch,  and  giving  attachment  exteriorly  to  the  large  suborbital  or 
lacrymal  bone  (figs.  22  and  25, 7a),  when  this  exists.  Besides  their  protec- 
tive functions,  in  relation  to  the  olfactory  ganglions  and  nerves,  they  close  the 
cranial  cavity  and  bound  the  orbits  anteriorly.  The  most  constant  and  cha- 
racteristic connections  appear  to  be  with  the  vomer,  nasal,  palatine  and  frontal. 
In  the  murssnoid  fishes,  where  confluence  begins  to  prevail  in  the  cranial  bones, 
we  find  that  the  prefrontals  coalesce  with  the  vomer  and  nasal,  not  with  the 
true  frontal.  This  fact,  though  not  of  a  class  materially  affecting  relations 
of  homology,  is  not  devoid  of  significancy  in  regard  to  the  real  character  of 
the  bone  usually  described  as  one  of  the  *  deux  d6membremens  du  frontal*.' 
A  clew  not  to  be  neglected  in  tcncing  the  homologies  of  the  prefrontals  is 
their  histological  progress,  although  the  value  of  such  embryonic  characters 
has  been  overrated  and  their  application  sometimes  abused.  The  substramen 
of  their  ossification,  like  that  of  the  exoccipitals,  mastoids  and  post-frontals, 
is  a  cartilaginous  mass,  a  part  of  that  which  M.  Dug6s  has  called  '  cartilage 
oranio-faeiale,'  and  M.  Vogt  *  plaques  protectrices  lat^rales.'  The  frontals 
and  parietals,  being  ossified  in  supra-cranial  fibrous  membrane  with  so  rapid 
and  transitory  a  cartilaginous  change  as  to  have  escaped  general  recognition, 
have  been,  on  that  account,  rejected  from  the  vertebral  or  endo-skeletal  system 
of  bones  by  Dr.  Reichert,  and  with  as  little  real  ground  as  the  rejection  of  the 
vomer  and  sphenoid  fiom  the  same  system,  because  they  are  ossified  in  mem- 
brane extended  from  the  under  and  fore-part  of  the  sheath  of  an  evanescent 
subcranial  *  chorda  dorsalis,'  like  the  homologous  basal  ossification  beneath 
the  coalesced  anterior  abdominal  vertebra  of  the  siluroids. 

*  Agassiz,  op.  eit,  i.  p.  123. 
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M.  Dug^  who  has  accurately  figured  the  'cranio- facial'  cartilage  of  a 
gadoid  fish  in  pi.  li.  of  his  valuable  Monograph  *,  gives  as  accurate  a  figure 
of  the  same  cartilage  in  the  Bona  viridU  (pi.  i.  figs.  69  7*  of  the  same  work), 
QDt  of  which  has  been  ossified  a  bone  which  transmits  the  olfactory  nerve  to 
itoaense-cafwule:  this  bone  (15  in  the  figures  cited)  rests  below  upon  the  di- 
vided vomer  and  on  the  end  of  the  presphenoid,  sustains  above  the  nasal  and 
fore-part  of  the  frontal,  afibrds  an  articular  surface  ou  its  outer  part  for  the 
palatine,  and  only  fails  to  repeat  every  characteristic  connection  of  the  pre- 
frontab  in  fishes,  because  (as  likewise  happens  in  certain  of  that  class)  there 
is  no  lachrymal  bone  developed  in  the  Bairachia,  The  sole  modification 
of  any  consequence  tending  to  mask  the  homology  is  this ;  that  whereas  we 
find  in  many  fishes  ossification  extending  into  the  persistent  part  of  the  cra- 
niofacial cartilage  connecting,  whilst  it  separates,  the  prefrontals,  so  as  to 
cinnimscribe  the  canals  for  the  transmission  of  the  olfactory  nerves,  such  ossi- 
fication proceeds  in  the  anpurous  batrachia  to  anchylose  the  prefrontals  with 
each  other,  and  convert  them  into  a  single  bone.  This  difference  however 
sufficed  with  Cuvier  to  make  of  it  a  new  and  peculiar  bone — an  '  os  en  cein- 
toref  /  It  would  have  been  as  reasonable  to  have  given  a  new  name  to  the 
Bopraoccipital  in  the  LqridoiieuSy  because  it  is  divided  in  the  middle  line  in- 
stead of  being  single,  or  to  the  frontal  in  the  species  where  it  is  single  instead 
of  being  divided,  or  to  the  vomer  in  the  frog  because  it  is  double  instead  of 
single,  or  to  the  exoccipitals  in  the  same  reptile,  which  manifest  the  same 
mc^  and  annular  confluence  as  the  prefrontals.  But,  adds  Cuvier,  in  refer- 
ence to  the  single  bone  (fig.  13, 14)  resulting  from  thb  modification,  **  Je  ne 
Fai  pas  trouv6  divise,  m^me  dans  des  individus  trds-jeunes  qui  avoient  encore 
ao  grand  espace  membraneux  entre  les  os  du  dessns  du  cr&ne."  Nor  did  the 
great  anatomist  ever  find  the  rudiments  of  the  radius  and  ulna  distinct  at  any 
period  of  development  of  the  single  bone  of  the  Bairaehia^  which  he  never- 
theless rightly  describes  as  representing  both  bones  of  the  fore-arm :  nor 
did  he  ever  find  a  division  of  the  single  parietal  in  the  embryo  crocodile, 
which  he  equally  well  recognized,  nevertheless,  as  the  homologue  of  the  two 
psrietals,  which  in  most  fishes  have  been  subject  to  greater  modifications  in 
tiieir  connections  and  relative  position  than  the  single  prefrontal  presents  in 
the  anourous  batrachia.  These  are  not  the  only  instances  where  relations  of 
homology  are  by  no  means  obscured,  nor  ought  to  be,  by  reason  of  the  con- 
floeoce  or  even  connation  j;  of  essentially  distinct  elements.  The  capsule  of 
the  olfactory  organ,  partly  protected  by  the  anterior  infundibular  expansions 
<^  the  connate  prefrontals,  undergoes  no  partial  ossification  homologous  with 
the  'turbinal'  (is,  fig.  5)  of  fishes,  but  remains  cartilaginous,  like  the  scle- 
rotal  and  petrosaL 

The  piWrontals,  however,  are  not  only  connate  with  each  other  in  the 
frog,  bat  coalesce  with  the  contiguous  neurapophyses— the  orbitosphenoids 
(is,  fig.  13).  And  this  modification  has  led  Cuvier,  notwithstanding  the 
connection  of  the  bone  10  with  the  presphenoid  below,  with  the  frontal 
above,  and  with  the  prosencephalon,  optic  nerve  (op)  and  orbit,  to  charac- 
terise the  batrachian  skull  as  having  '<  un  seul  sph6noide  sans  ailes  tempo- 
rales  ni  orbitaires  ;'*  the  true  and  distinct  ^  alisphenoid '  (s,  fig.  IS),  with  its 
typical  connections  and  nerve-perforations  (fir),  being  described  as  the  pe- 

*  Eecherehes  sur  TOst^logie,  &c.  dss  Bttradeos,  4to,  1835. 

t  Oveaieas  Fossilcs,  4to,  t.  y.  pt.  ii.  p.  387.  He  had  before  applied  the  name  of '  ceintore 
vmvm.*  to  the  sca^pular  arch  in  fishes. — ^Le^ont  d'  Anat.  Comp.  i.  (1800)  p.  332. 

X  I  nse  these  terms  in  the  same  definite  sense  as  the  botanists ;  those  essentially  distinct 
pirts  are  eomnate  which  are  not  physically  distinct  at  any  stage  of  development,  those  united 
pots  are  eoti/fwttt  which  were  originally  distinct. 

1846.  Q 
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trosal, '  rocher  *.'  But  the  real  difficulties  which  beset  the  quest  of  general 
truths  in  comparative  osteology  are  such  that  we  may  well  dispense  with  any 
over-statements  of  the  amount  of  deviation  from  the  cranial  archetype  which 
much -modified  sicuUs  like  those  of  the  anourous  batrachia  may  present 
Fortunately  the  light  which  the  development  of  such  skulls  throws  upon 
their  mature  characters,  is  aided  by  the  persistent  larval  stages  manifested 
by  the  perennibranchiate  species. 

In  the  menopome,  for  example,  the  prefrontals  remain  distinct,  both  from 
each  other  and  from  the  orbitosphenoidsf ,  their  characteristic  connections 
and  functions  being  the  same  as  those  of  their  coalesced  homologues  in  the 
frog,  except  that  they  are  notched,  instead  of  being  perforated  by  the  olfac- 
tory nerve,  which  grooves  their  inner  border,  as  in  the  cod  and  some  other 
fishes.  Cu vier  just  hints  at  the  possibility  of  his  '  os  en  ceinture '  in  the  ho^ 
representing  <*  §,  la  fois  le  frontal  principal  et  rethmoIde|,'*  or  as  having  an 
equal  pretence  to  one  or  the  other  name. 

The  suture,  however,  which  marks  the  limits  between  the  frontal  ii  and 
parietal  r  is  persistent  in  the  menopome,  and  indeed  in  all  batrachians  but 
the  anourans ;  and  even  in  the  very  young  larvse  of  these,  Cuvier  admits 
(and  the  observations  of  M.  Dug6s  warrant  the  admission)  **  que  Ton  s^pare 
une  partie  post^rieure  de  fonne  ronde  de  I'ant^rieure  qui  est  aliong^e"  (/M. 
p.  S87).  The  permanently  distinct  frontals  present  a  similarly  elongated  form 
in  the  urodeles,  and  are  therefore  recognized  by  Cuvier  in  the  salamander, 
e,  g.  at  r,  pi.  xxv.  fig.  Ijop.cit.;  in  the  newt,  pi.  xxvi.  fig.  6 ;  in  the  menopome, 
fig.  4 ;  in  the  axolotl,  pi.  xxvii.  fig.  24 ;  in  the  siren,  t^.  ^g.  2 ;  and  in  the  am- 
phiuma,  ib.  fig.  6.  In  all  these  crania  the  true  frontals  are  indicated  by  the 
same"  letter  c ;  in  none  of  them  do  they  close  the  cranial  cavity  or  bound  the 
orbits  anteriorly,  or  are  perforated  by  the  olfactory  nerves,  or  articulate  with 
the  vomer  below,  or  perform  any  of  the  essential  functions,  or  combine  the  cha- 
racteristic connections  of  the  prefrontals  of  fishes,  all  of  which  concur  in  the 
*  OS  en  ceinture.'  But  the  frontals  do  present  the  chief  connections  and  occupy 
the  relative  position  of  the  anterior  half  of  the  bone  (ii — r^  fig.  13)  which 
Cuvier  calls  the  parietal  in  the  frog.  The  evident  tendency  to  coalescence  of 
essentially  distinct  bones  which  pervades  the  skeleton  in  the  adult  anourans 
greatly  diminishes  the  difficulty,  through  the  loss  of  the  suture  between  the 
parietal  and  frontal,  of  recognizing  the  homology  of  the  latter  bone,  which, 
with  that  exception,  not  only  repeats  the  characters  of  the  frontals  in  fishes, 
but  of  those  in  most  tailed  batrachians. 

Next,  then,  with  regard  to  the  ethmoid,  the  second  of  the  two  bones  to 
which  Cuvier  restricts  the  choice  of  the  homologues  of  the  *  os  en  ceinture,' 
no.  14.  No  name  has  been  applied  more  vaguely  or  with  a  less  definite 
meaning  than  this  same  *  ethmoide.'  In  the  sense  in  which  Cuvier  would 
permit  its  application  in  the  present  instance,  it  is  a  bone  which  forms  the 

*  Qp.  et7.  p.  386. 

t  The  menopome,  which  represents  a  gigantic  tadpole  of  the  tailless  batrachia,  manifests 
a  heauttfiil  conformi^  to  the  general  type,  and  well  illustrates  the  real  nature  of  the  apparent 
deviations  which  take  place  in  the  course  of  the  remarkable  metamorphoses  of  the  anourans. 
At  first  sight  the  orbitosphenoids  seem  to  be  barred  out  from  their  normal  connection  with 
the  frontal  by  the  junction  of  the  parietal  with  the  prefrontal  in  the  menopome,  as  appears, 
for  example,  in  the  figure  given  by  Cuvier  in  the  '  Ossemens  Fossiles,'  v.  pt.  ii.  pi.  xxvL  fig.  4, 
where  e'  h  divides  e  from  v.  Bemove,  however,  the  prefrontal  h  flrom  the  parietal  e  (which 
may  be  readily  done,  the  suture,  which  is  not  indicated  in  the  figure  dted,  being  perdsteDt), 
and  the  anterior  and  mesial  half  of  the  orbttosphenoid  («)  is  then  seen  extending  inwards 
(mesiad),  beneath  the  parietal  and  prefrontal,  to  join  a  triangular  surface  formed  by  a  de- 
scending process  from  the  middle  of  the  outer  edge  of  the  finontal. 

t  C^.  ci/.  p.  388. 
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anterior  and  aotero-lateral  walls  of  the  cranium,  defends  the  rhinencephala 
and  transmits  the  olfactory  nerves,  but  is  altogether  distinct  from  and  pos- 
terior to  the  capsules  of  the  organs  on  which  tho!ie  nerves  are  ramified. 
Id  the  crocodile  Cuvier  restricts  the  term  ethmoid  to  the  cartilaginous 
laminae,  capsules,  or  supports  of  the  olfactory  ramifications  after  the  nerves 
have  left  the  cranium.  In  mammals  the  ethmoid  is  made  to  include  both  the 
bones  that  close  the  cranium  anteriorly,  support  the  rhinencephala,  give  exit 
to  the  olfactory  nerves,  and  those  which  defend  and  sustain  the  enormously 
developed  and  complex  superior  parts  of  the  organ  of  smell*.  Whilst  this 
confusion  is  permitted  to  vitiate  osteology,  it  is  plain  that  no  intelligible  ' 
homological  or  other  proposition  ctin  be  predicated  of  the  *  ethmoid.' 

When  Cavier,  with  reference  to  the  hypothetical  possibility  of  the  homo- 
logue  of  the  frontal  forming  part  of  the  bone  r — ii  in  the  frog,  adverts  to 
the  second  chance  of  bringing  the  <  os  en  ceintnre '  into  the  ordinary  cate- 
gory of  cranial  bones,  by  viewing  it  as  the  *  ethmolde,'  he  adds,  that  it  would 
th«n  be  **un  ethmoide  ossifi6,  ce  que  sera  une  grande  singularity"  (ib. 
p.  S88).  Here  it  is  obvious  that  the  predominating  idea  of  the  ethmoid  was 
that  presented  to  his  mind  by  the  capsules  of  the  olfactory  oigan  in  the 
crocodile  and  other  reptiles,  which  he  had  so  called,  and  which  are  wholly  or 
m  great  part  cartilaginous.  But  the  parts  of  Cuvier*s  ethmoid  in  birds  and 
mammals,  which  are  in  functional  and  physical  relation  with  the  cranial  cavity, 
rhinencephala  and  olfactory  nerves,  are  ossified  :  the  bone,  also,  to  which  he 
gives  the  name  *  ethmoid '  in  fishes  (fig.  5,  is)  is  ossified  ;  and,  what  is  more 
to  the  pnrpose,  the  bones  (14)  in  fishes,  ophidians,  chelonians  and  saurians, 
which  repeat  the  essential  characters  of  the  batrachian  <  os  en  ceinture,'  are 
likewise  ossified. 

General  homology  teaches  that  the  bone  or  bones  in  relation  to  the  defence 
of  the  rhinencephala  and  the  transmission  of  their  nerves  belong  to  one  class, 
and  that  the  parts  of  the  skeleton,  whether  membranous,  gristly  or  bony, 
which  form  the  capsule  or  sustain  the  olfactory,  organ  itself,  belong  to  another 
and  very  different  class  of  parts  of  the  skeleton.  But,  not  to  anticipate  what 
belongs  more  properly  to  a  subsequent  section  of  this  report,  observation 
^ows  the  two  parts  to  be  physically  distinct  in  all  vertebrates  except  mam- 
mals, and  to  be  distinct  in  the  foetus  of  these.  Whether  we  restrict  the  term 
'  ethmoid '  to  the  neurapophysis  or  to  the  sense-capsule  (which  in  mammals 
constitutes  the  '  conchae  superiores  *  and  cells  of  the  ethmoid),  the  term  must 
be  applied  arbitrarily  in  its  extended  or  homological  signification,  since  the 
neurapophysis  dismisses  the  nerve  by  a  single  foramen  or  groove  in  all  the 
vertebrates  below  mammals.  The  multiplied  foramina  in  the  neurapophysial 
or  cranial  part  of  the  anthropotomical  *  ethmoid,'  whence  that  name,  as  well 
as  the  special  designation  of  the  part  called  '  lamina  cribrosa,'  are  modifica- 
tions peculiar  to  tibe  mammalian  class,  but  not  constant  here,  and  they  form 
no  essential  homological  character  of  the  bone  in  question.  It  appears  to 
me  preferable,  since  we  have  two  essentially  distinct  parts  of  the  skeleton 
combined  in  the  mammalian  and  human  ethmoid,  to  restrict  the  term  to  the 

*  Objcctiiig  to  Oken's  idea,  that  the  prefrontal  in  the  crocodile  was  homologous  with  the  \ 
pvt  (tf  the  ethmoid  called  *  os  planmn'  in  anthropotoroy,  Cuvier  says,  "  Or  I'os  planum  ne  1 
psrait  junais  rar  la  joue ;  il  ne  se  montre  plus  dans  Torbite  IL  compter  des  makis  si  ce  n'est 
Bs  petit  point  dans  let  galeopitheques  et  dans  qnelques  chats.  Dans  tons  les  autres  mam- 
BDteres  I'ethmo'ide  est  entierement  enveloppe  et  cach^  par  le  palatin"  (note  that  significant 
QMUMction)  "  et  par  ie  frontal  et  sp^dalement  par  cette  partie  da  frontal  dont  11  est  main- 
tenaat  qoestton  et  qni  se  d^tache  dans  les  ovipares.  Le  veritable  ethmoide  est  enveloppe 
<ie  la  mdme  maniere  dans  le  crocodile,  qnoique  presque  toutes  ces  parties  restent  cartilagi- 
lenses.''— Ossem.  Foss.,  v.  pt.  i.  p.  73. 
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part  which  appertains  to  the  sense-capsule,  t.  e,  which  is  directly  concerned 
in  the  support  of  the  membrane  and  cells  of  the  olfactory  organ. 

But  leaving  for  the  present  the  question  of  names,  and  returning  to  things, 
let  us  pursue  our  search  and  comparisons  of  the  bones  which  continue  in  ^e 
higher  classes  to  repeat  the  essential  characters  of  those  called  '  prefrontals* 
in  fishes.  Were  it  necessary  to  add  to  the  reasons  above  assigned  for  regarding 
no.  14,  fig.  IS,  as  the  homologues  of  i4  in  the  fish,  notwithstanding  they  are 
connate  in  the  batrachian,  I  would  cite  the  structure  and  relations  of  those 
bones  in  the  sword-fish.  The  whole  of  the  anterior  part  of  the  extensive 
interorbital  space  is  occupied  by  the  prefrontals,  which  join  each  other  at  the 
median  line  by  an  extensive  vertical  cellular  surface :  they  form  the  anterior 
border  of  the  orbit,  and  the  posterior  wall  of  the  nasal  fossa;  they  close  the 
cranial  cavity  anteriorly,  and  transmit  the  olfactory  nerve  to  the  capsule  by 
a  central  foramen.  They  are  almost  entirely  covered  by  the  frontala  above, 
which  they  support  by  a  broad  flat  surface ;  a  very  small  portion  only  ap- 
pearing on  the  upper  surface  of  the  skull  at  the  anterior  angle  of  the  orbital 
ridge.  Were  the  frontals  separated,  the  prefrontals  would  then  appear,  as  in 
the  frog,  at  the  median  line :  were  the  suture  between  the  two  prefrontals 
to  be  obliterated  in  XiphiaSy  an  '  os  en  ceinture'  would  be  produced  like  that 
of  the  frog.  The  nasal  bone  of  the  sword-fish,  which  Cuvier  calls  *  ethmoide,' 
presents  a  cellular  structure  of  its  base,  designed  to  break  the  force  of  the 
concussion  arising  from  the  blow  which  is  delivered  by  the  '  sword.'  But  the 
prefrontals  manifest  more  extensively  this  peculiar  cellular  structure,  which 
Cuvier  well  savs,  "I'on  prendrait  presque  pour  les  cellules  de  rethmoTde  d'un 
quadrupede*.' 

Cuvier,  not  perceiving  or  not  appreciating  the  grounds  of  the  homology  of 
the  '  OS  en  ceinture'  with  the  prefrontals,  describes  the  divided  nasal  (15,  ^g* 
13),  in  the  batrachia  as  the  '  frontaux  ant^rieures' ;  and  reciprocally,  having 
called  the  bones  in  fishes,  homologous  with  the  bone  14,  (which  he  thought 
might  represent  the  ethmoid  in  the  frog)  '  frontaux  ant^rieures,'  he  gives  the 
name  '  ethmo'ide  '  to  the  bone  15,  fig.  5,  whether  single  or  divided,  in  fishes. 
It  is  not  necessary  to  add  anything  to  the  arguments  by  which  M.  Agaasiz 
has  sustained  the  conclusion  of  Spix,  that  Cuvier's  ^  ethmoid '  in  fishes  is  the 
'  nasal.'  And  it  needs,  1  think,  only  to  compare  the  connections  of  the 
bones  15,  fig.  1^,  with  either  the  single  or  the  divided  nasals  in  fishes,  and  to 
glance  at  the  obvious  homology  of  the  bones  h  in  Cuvier's  pi.  xxiv.  fig.  1 — 6, 
with  the  bones  ^^  in  figs.  4  &  6  of  pi.  xxvi.  (<  Ossemens  Fossiles,'  t.  v.  pt.  2), 
to  ensure  the  acceptance  of  the  conclusion,  that  his  '  frontaux  ant^rieures ' 
in  the  frog  and  the  other  anourans  are  the  true  nasal  bones. 

In  the  python  Cuvier  transfers  the  name  '  frontaux  ant^rieures '  to  the 
lacrymal  bones.  The  bones  in  this  serpent,  which  are  in  neurapophysial 
relation  with  the  olfactory  nerves,  and  which  present  other  essential  charac- 
ters of  the  prefrontals  (14)  in  fishes,  are  also  two  in  number,  in  the  form  of 
thin  osseous  plates,  intervening  on  each  side,  anterior  to  the  frontal,  between 
the  vomerine  and  nasal  bones,  bent  outwards  in  the  form  of  a  semicylinder 
about  the  olfactory  nerves,  which  they  support  and  guide  to  the  cartilaginous 
capsule  of  the  organ  of  smell,  and  having  the  palatine  bones  articulated  to 
their  under  and  outer  sides.  The  bones,  which  thus  present  every  essential 
character  of  the  prefrontals,  are  those  (#  #  in  pi.  ix.  figs.  1,  2,  3,  *  Regne 
Animal,'  t.  iii.  1830)  which  Cuvier  there  calls  'comets  infi§rieures.'  But 
the  true  '  cornets '  (turbinals)  are  cartilaginous  in  serpents  as  in  every  other 
reptile,  and  give  attachment  to  the  palatines  in  no  animal    The  bones  bb  in 

•  Hist.  ^  viii.  p.  194. 
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the.£aiiie  figures,  to  which  the  name  of  ^anterior  frontal'  is  given,  have  no 
relation  whatever  to  the  protection  of  the  rhinencephala  or  the  exit  of  the 
olfactory  nerves,  but  they  have  a  large  perforation  for  the  passage  of  the 
mnco-lacrymal  duct  from  the  eye.  They  repeat  indeed  the  single  and 
least  essential  character  of  the  prefrontals,  in  standing  anterior  to  the  fron- 
talfl  and  the  orbits ;  but  these  are  characters  common  to  the  great  anterior 
macous  scale-bone  in  fishes,  whose  essential  function — the  transmission  of  a 
mucous  duct — ^they  superadd  to  the  repetition  of  its  connections,  viz.  with 
the  prefrontal,  nasal  and  superior  maxillary  bones*. 

Tlie  bones,  which  more  resemble  the  anchylosed  prefrontals  in  the  frog,  are 
the  frontab  of  the  python ;  but  the  resemblance  is  confined  to  one  character 
only,  and  that  an  exaggeration  of  a  character  common  to  the  frontal  bones  of 
numy  birds,  and  of  the  omithorhynchus  among  mammals,  viz.  a  develop- 
ment of  a  median  bony  partition  from  the  line  of  the  frontal  suture  into  the 
median  interspace  of  the  encephalon.  In  the  python  each  frontal  sends 
down  at  the  fcre-part  of  this  suture  such  a  partition,  which  is  therefore  double, 
as  the  falx  essentially  is  in  man  and  the  mammalia,  in  which  it  retains  its 
primitive  histological  condition  of  a  fibrous  membrane.  The  ossified  laminae 
of  the  falx  in  the  python  bend  outwards  and  coalesce  below  with  the  external 
or  orbitosphenoidal  plates  of  the  frontal,  and  thus  surround  the  lateral  divi- 
sions of  the  fore-part  of  the  brain ;  in  fact,  the  olfactory  nerves,  drawn  back 
in  the  progress  of  the  concentrative  movement  of  the  cerebral  centres,  so  as 
also  to  occupy  the  prosencephalic  segment  of  the  cranium,  the  prosencepha- 
lon being,  in  like  manner,  protected  chiefly  by  the  mesencephalic  bony  arch. 
The  change  is  precisely  analogous  to  that  which  takes  place  at  the  opposite 
extremity  of  the  neural  axis  in  higher  animals.  In  the  python  every  segment 
of  the  spinal  chord  retains  its  primitive  relation  to  the  segment  of  the  endo- 
skeleton,  through  which  it  transmits  its  pair  of  nerves.  In  the  mammal  the 
concentrative  movements  of  the  spinal  chord  draw  its  segments  in  advance 
of  their  proper  vertebree,  and  the  primary  relation  is  indicated  by  the  nerves 
which  the^e  vertebrsB  continue  to  transmit,  and  by  which  alone  we  are  guided 
from  the  segment  of  the  endoskeleton  to  that  of  the  neural  axis  which  origi- 
nally governed  its  development. 

So,  likewise,  at  the  opposite  end  of  the  skeleton,  we  trace  the  relation  of 
the  anterior  osseous  segment,  which  transmits  the  olfactory  nerves  to  their  cap- 
sule, to  its  proper  segment  of  the  neural  axis,  by  following  those  nerves  back 
to  the  retracted  ganglions  (rhinencephala)  from  which  they  take  their  origin. 
The  connections  of  the  annular  frontals  of  the  python  with  the  parietab 
and  post-frontals  behind,  with  the  connate  orbitosphenoids,  and  through 
them  with  the  presphenoid  below,  prevent  their  homology  being  mistaken  ; 
for  they  are  far  from  completely  representing  or  repeating  the  essential  cha- 
racters of  the  coalesced  annular  prefrontals  of  the  frog. 

Not  to  lengthen  unnecessarily  this  exposition  of  the  homologues  of  the  pre- 
frontals (14,  figs.4  and  5)  in  fishes,  I  pass  at  once  to  the  highest  of  existing  rep- 
tiles, the  crocodile.  Here  we  find,  in  the  dry  skull,  the  condition  of  the  cranud 

*  No  one  could  better  appreciate  the  value  of  the  functional  character  of  the  lacrymal 
pcrforatios  in  a  homological  discussion  than  Cuvier,  when  the  more  obvious  features  of  the 
prefrontals  o(  fishes  were  so  repeated  in  any  higher  animal  as  to  haye  led  him  to  disting^uish 
the  prefrontals  in  that  animal  from  the  Jacrvmal  bone.  Thus  with  regard  to  the  pre- 
frontals of  the  crocodile,  Curier  says,  "  Quant  a  M.  Spix,  entrain^  par  un  autre  fyst^me  et 
BegHgent  le  tron  lacrymal,  qui  cependant  est  bien  visible,  et  qui,  sp^dalement  dans  le  cro- 
codile, est  pero^  tout  entier  dans  I'os  anquel  je  donne  ou  plutdt  anquel  je  maintiens  le  mdme 
nom,  c'esi  men  frontal  anterieur  qu'il  appelle  lacrymal/'  (Ossemens  Fossiles.)  Change 
python  for  crocodile  and  Curier  for  Spiz,  and  the  criticism  equally  applies  in  the  present 
iosttnce  to  its  original  author. 
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in  that  reptile,  as  the  prefrontals  are  in  fishes,  chiefly  concerned  in  closing 
the  anterior  end  of  the  cranial  cavity,  in  giving  exit  to  the  olfactory  nerves, 
in  suspending  the  palatine  arch,  in  connecting  the  vomer  with  the  nasal  ver- 
tically, and  the  nasal  with  the  frontal  and  lacrymal  horizontally,  repeating  in 
the  crocodile  for  the  latter  purpose  the  development  of  the  upper  or  horizontal 
plate  which  had  almost  or  entirely  disappeared  in  some  of  the  intervening 
forms  of  reptiles.  In  most  chelonians  this  portion  of  the  prefrontal  coalesces 
or  is  connate  with  the  short  nasal :  but  I  have  found  the  instructive  exception 
presented  by  the  existing  freshwater  tortoise  (H^romedtud)  of  the  persistent 
suture  between  the  nasals  and  prefrontals,  repeated  in  two  fossil  chelonians 
(CheUme  planuxps  wid  CkeUme pulchriceps)*. 

Proceeding  in  the  aacensive  track  of  the  homologies  of  the  prefrontals, 
I  have  selected  from  the  class  of  birds  the  skull  of  the  ostrich  (figs*  8  and  2S), 
the  representative  of  an  aberrant  order,  in  which  every  deviation  from  the 
type  of  the  class  that  has  been  supposed  to  tend  towards  the  Mammalia^  tends 
equally  or  more  towards  the  Reptilia^y  and  in  which,  conformably  with  the 
lower  development  of  the  respiratory  system,  the  original  sutures  of  the 
cranium,  or  in  other  words,  the  signs  of  the  vertebrate  archetype  on  which  it 
is  constructed,  are  longest  retained.  Were  we  to  cut  off  the  corresponding  an* 
tenor  angles  of  the  frontals,  no.  ii,  to  those  supposed  to  represent  in  notammals 
the  bones  we  are  in  quest  of,  we  should  have  even  fewer  of  their  characters 
than  in  the  higher  class  alluded  to,  because  the  descending  orbital  plate  is 
less  developed,  and  the  frontal,  though  its  general  size  is  much  augmented, 
retains  more  of  its  oviparous  horizontality  as  an  expanded  spine  or  roof^bone 
of  the  cranium. 

There  is  a  large  bone  (fig.  23, 73)  bounding  the  anterior  border  of  the  orbit, 
and  from  which,  as  we  have  seen  in  the  parrots,  ossification  sometimes  extendi 
backwards  along  the  inferior  contour  of  the  orbit  to  the  postfrontaL  But  this 
bone,  besides  its  repetition  of  the  connections  of  the  lacrymal  in  the  fish  and 
crocodile,  resting  as  in  the  latter  animal  upon  the  true  malar  bone,  is  either 
perforated  or  grooved  by  the  lachrymal  duct,  which  it  defends  in  its  course 
from  the  eye  to  the  nose,  and  has  none  of  the  essential  characteristics  of  the 
prefrontal.  But  we  see  on  the  exterior  of  the  skull  of  the  ostrich  and  other 
struthious  birds  t,  a  distinct  rhomboidal  plate  of  bone  interposed  between  the 
frontals  and  nasals,  precisely  in  the  situation  in  which  the  upper  surface  of 
the  coalesced  prefrontals  appears  in  the  skull  of  the  frog  and  other  anourous 
batrachians.  In  a  nearly'  full-grown  ostrich's  skull,  I  removed  the  left  fron- 
tal, nasal,  lacrymal  and  tympanic  bones,  and  th^  zygomatic  arch,  as  in  fig.  8, 
and  found  the  facet  in  question  to  be  the  upper  and  posterior  expanded 
surface  of  a  large  irregularly  subquadrated  compressed  bone  (ib.  14),  consist- 
ing of  two  vertical  compact  plates  coalesced  at  their  periphery,  and  including 
a  loose  cancellous  texture.  The  upper  and  posterior  expanded  surface  of  the 
bone  extends  a  short  way  back  beneath  the  frontals,  descends  and  closes  the 
anterior  aperture  of  the  cranium,  and  sends  out  from  each  side  a  plate  of 
bone  which  arches  over  the  olfactory  nerves  and  forms  the  canals  by  which 
they  are  conducted  along  the  upper  part  of  the  orbits.  The  anterior  and  upper 
surface  of  the  bone  again  expands  (at  u',  figs*  8  and  23),  and  there  sustains, 
and  is  covered  by,  the  nasal  bones,  and  again  overarches,  and  is  sometimes 

*  Report  on  British  Fossil  Reptiles,  Trans.  Brit.  Assoc  1841,  pp.  169, 172. 

t  The  urinary  bladder  and  intromittent  organ,  e.  g, :  the  modification  of  the  feathers  in 
the  StrutkiomtUe  is  a  degeneration  of  a  peculiarly  ornithic  character ;  but  not,  therefore,  an 
approximation  to  the  hairy  covering  of  mammals. 

X  In  the  emeu  {Dromaiut  aier)  at  u,  fig.  1.  pL  39.  Zool.  Trans,  t.  iii. :  and  in  the  casso- 
wary at  A,  fig.  3,  taf.  i.  in  Halbnann's  *  Yergleichende  Osteologie  des  Schljifenbeins.' 
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perforated  by  the  olfactory  nerves  (the  ooune  of  which  alht^44li^^i1k||ia9'' 
cephalic  continaation  of  the  cranial  cavity,  ia  shown  by  the  nrTaiiHijTf  "ifi/ 
figip.  8  and  23)  prior  to  their  final  expansion  on  the  olfactory  organ ;  the 
main  body  of  the  bone  forms  the  fore-part  of  the  interorbital  septum  and 
the  back  part  of  the  nasal  septum,  a  slight  outstanding  ridge  or  angle 
dividing  the  two  surfaces:  it  rests  below  upon  the  rostral  prolongation  of 
the  piespfaenoid,  which,  however*  barely  divides  it  from  the  semicylindrical 
grooved  Tomer  (is)  which  sheathes  the  under  part  of  that  process.    The 
posterior  extremities  of  the  palatines  develope  broad  horizontal  plates  mesiad 
and  upwards  (fig.  23,  so),  which  join  the  lower  border  of  na  u,  where  it  rests 
upon  the  presphenoid.    The  outer  margins  of  the  anterosuperior  expansion 
of  DO.  14  come  into  contact  with  the  lacrymals :  the  posterior  border  of  the 
vertical  or  rhinencephalic  plate  joins  and  soon  coalesces  with  the  orbitosphe- 
Doids  (is).     Thus  we  have  all  the  essential  characters  of  the  prefrontals  in 
the  fish,  the  frog  and  the  crocodile,  with  a  repetition  of  their  first  important 
modification  in  the  tail-less  batrachians,  viz.  that  of  median  confluence ;  and 
it  is  not  unimportant  to  observe  that  this  is  associated  with  the  obliteration  of 
other  cranial  sutures,  by  which  also  those  batrachians  resemble  birds.    The 
first  step  in  the  progress  of  thb  median  approximation  of  the  prefrontals,  is 
the  development  of  the  plates  which,  in  certain  fishes,  convert  the  olfactory 
grooves  into  foramina;  these  mesial  plates  next  come  into  contact  at  the  middle 
line,  e.  g.  in  J^iphicu  and  Bphippus ;  they  proceed  to  coalesce  in  the  frog,  and 
the  prefrontals  are  so  much  further  compressed  in  the  bird  that  the  olfactory 
grooves  open  upon  the  outer  or  lateral  instead  of  the  inner  or  mesial  surfaces  of 
the  rhinencephalic  plates :  they  are,  however,  very  deep  grooves  in  the  ostrich, 
and  in  the  apteryx  are  canals  protected  by  a  distinct  external  plate.    The 
interruption  of  the  direct  vomerine  connection  by  the  prolonged  presphenoid 
is  the  chief  secondary  modification  of  the  prefrontals  in  the  bird.    No  other 
bone  in  the  bird's  skull  repeats  the  more  essential  characters  of  the  prefrontals 
in  fishes  and  reptiles,  save  the  bone  no.  i4,  figs.  8  and  23 .  Cuvier  calls  this  bone 
the  '  ethmoide ';  but  blames  the  clear-sighted  and  consistent  German  anato- 
mists who  applied  that  name  to  the  prefrontals  in  fishes  and  reptiles ;  yet  the 
part  of  Cuvier's  ethmoid  in  the  bird  answering  to  the '  lamina  cribrosa'  of  the 
'sammal,  sometimes  gives  passage  to  the  olfactory  nerve  by  a  single  foramen, 
sometimes  by  merely  a  groove,  a  difference  which  does  not  prevent  him 
adopting  the  homology  here,  though  he  opposes,  it  to  the  adoption,  by 
Bojanus,  of  the  homology  of  the  same  part  in  the  fish  (anie^  p.  215).  The 
smooth  plate  forming,  with  the  orbitosphenoid,  the  interorbital  septum,  is 
the  *  OS  planum,'  or  papyraceous  plate  of  the  bird's  ethmoid,  with  Cuvier : 
the  masking  of  this  part  in  most  mammab  by  the  downward  development 
of  the  orbital  plates  of  the  frontal,  offered  no  difficulty  to  the  ethmoidal  de- 
termination of  no.  u  in  the  bird ;  and  it  forms  as  little  valid  objection  to 
Oken's  mode  of  expressing  the  ethmoidal  homology  of  the  prefrontals  in  the 
cold-blooded  ovipara. 

For  the  reasons  before  assigned,  viz.  that  the  terms  *  frontal  ant6rienr* 
had  been  given  to  the  bone  in  question,  no.  u,  in  those  animals  in  which  it 
deviates  least  from  its  general  type,  as  the  nasal  neurapophysis,  I  retain  the 
name  4>refrontal  for  it  under  all  its  metamorphoses.  Cuvier,  after  balancing 
the  characters  of  the  bones  nos.  is,  tt  and  rs  (fig.  23)  in  birds,  inclines  to  the 
opinion  that  is  is  the  true  nasal,  and  ss'  an  essential  part  (nasal  process)  of 
the  premaxillary :  with  regard  to  rs,  he  says,  "  les  os  externes  et  plus  voisins 
de  I'orbite  seraient  presque  corome  on  le  voudrait,  ou  des  frontaux  ant6- 
rieurs  ou  des  lacrymaux."  In  which  case,  no.  i4  having  been  described  as 
the  *  ethmoid,'  one  or  other  of  the  above-named  bones  would  be  wholly  absent 
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in  birds.  '<  Ce  que  pourrait  faire  croire  que  c*e8t  le  frontal  ant^rieur  qui 
manque,  c'est  que  dans  ies  oiseaux  il  n'y  a  point  de  frontal  post^rieur,  et  que 
la  paroi  ant^rieur  de  Torbite,  a  I'endroit  ou  le  frontal  antlrieure  se  trouve 
ordinairenient,  est  manifestement  form^e  en  grande  partie  par  une  lame 
transverse  de  rethmo'ide*.**  But  the  postfrontal  is  not  always  absent  in 
birds :  it  is  present  as  a  distinct  bone,  though  small,  in  the  emeu's  skull, 
figured  in  the  '  Memoir  on  the  Dinamis'  above-cited  ;  and  it  is  still  more 
developed  in  the  remarkable  extinct  (?)  genus,  the  immediate  subject  of  that 
memoir.  Besides,  to  anticipate  the  subject  of  a  subsequent  part  of  this  report, 
a  parapophysis  idways  disappears  from  a  typical  segment  of  the  skeleton 
sooner  than  a  neurapophysis.  The  rest  of  Cuvier's  difficulty  in  the  recog- 
nition of  the  prefrontal  in  birds  was  more  nominal  than  real. 

The  ethmoid,  in  the  restricted  sense  in  which  Cuvier  applies  the  term  in  the 
crocodile  and  other  animab  with  divided  prefrontals,  and  in  which  I  would 
apply  it  in  those  animals  also  in  which  the  prefrontab  have  coalesced,  is 
present  but  remains  cartilaginous  in  the  bird.  In  the  mammal  it  becomes 
bony  and  contracts  anchyloses  not  only  with  the  still  more  reduced  debris  of 
the  coalesced  prefrontals,  but  also,  in  consequence  of  the  change  of  position 
of  the  prefrontab  through  the  further  progress  of  concentration,  whereby 
they  are  drawn  bjickwards  closer  to  the  prosencephalic  part  of  the  cranium, 
and  in  consequence  of  the  concomitant  expansion  of  the  true  frontals, — with 
the  orbital  plates  of  the  frontals ;  whereby  these  plates  usurp  in  most  mammak 
the  office  and  the  position  of  the  external  parts  of  the  prefrontals  in  the  cold- 
blooded yertebrataf . 

The  posterior  part  of  the  coalesced  prefrontals  (figs.  24  &  25,  m)  divides 
the  anterior  aperture  of  the  cranium  into  two  outlets,  upon  the  inner  circum- 
ference  of  which  the  rhinencephala  rest ;  each  outlet  being  commonly  closed 
by  part  of  the  olfactory  capsules,  which  are  ossified  and  perforated  to  receive 
the  divisions  of  the  olfactory  nerves.  When  the  prefrontals  extend  backwards 
and  beyond  the  cribriform  plates,  they  form  what  is  termed  the  *  crista  galH*; 
this  exists  in  comparatively  few  mammalia ;  but  is  as  large  in  the  seal  tribe 
as  in  man.  In  the  tapirs  the  prefrontab  expand  above  and  overarch  the  ol- 
factory capsules,  but  their  upper  horizonUd  plates  are  overlapped  by  the 
nasals  and  true  frontals.  In  the  De^Mnidat  where  the  olfactory  capsules 
are  absent,  the  prefrontals  expand  posteriorly,  and  diverge  from  their  median 
coalesced  portions  constituting  the  septum  of  the  nasal  passage,  in  order  to 
form  the  posterior  boundaries  of  those  passages  and  the  anterior  wall  of  the 
cranial  cavity.  They  again  expand  and  form  a  thick  irregular  mass  anterior 
to  the  nasal  passages  in  some  DdphinidtBy  and  in  Z^Mus  ossification  extends 
along  the  fibrous  continuation  of  the  prefrontab  forwards  to  near  the  end  of 
the  premaxiliariest.  They  are  connate  with  the  orbitosphenoids  behind,  and 
soon  coalesce  with  the  vomer  below ;  they  rise  anterior  to  the  frontab  and 
support  the  stunted  nasab  which  are  wedged  between  the  prefrontab  and 
frontab.  The  cetacea  are  the  only  mammalia  in  which  the  prefrontals  appear 
upon  the  exterior  of  the  skull,  and  which  in  this  respect  resemble  the  reptilia. 

*  Lemons  d'Anat  Comp.  1837,  t.  ii.  p.  580. 

f  Ca?ier  takes  this  ground  in  objecting  to  Oken's  ethmoidal  homology  of  the  prefrontal 
in  the  crocodile,  and  says,  "  the  ethmoid  coexists  in  a  cartilaginous  state  with,  and  is  enye- 
loped  by,  the  prefrontal,  '  comma  la  partie  ant^eure  du  frmital  enveloppe  rethmo'ide  des 
mminans/ " — Hist,  des  Poissons,  y.  p.  235.  The  correspondence  is  exaggerated,  but  it 
matters  not.  There  are  other  characters  of  the  mammalian  ethmoid,  as  the  closing  of  the 
cranium  anteriorly,  the  transmitting  the  olfactory  nerves,  &c.,  which  are  nowise  muiifeated 
by  Cnvier's  cartilaginous  '  ethmoide'  in  the  crocodile,  and  are  very  satisfisctorily  so  by  the 
prefinontals  in  that  animal. 

X  Ossem.  Foss.  ▼.  pt.  i.  p.  351. 
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CuYier  describes  the  posterior  and  superior  expanded  and  diverging  plates 
of  the  prefrontals  as  '*  la  lame  cribreuse  de  Tethmoide :"  the  coalesced  part 
fonning  the  septum,  he  ascribes  to  the  vomer*.  Dr.  Kostlinf*  alsOy  who 
rightly  recognises  the  ethmoid  to  be  no  proper  bone  of  the  skull,  but  only 
an  ossified  organ  of  sense,  yet  describes,  after  the  anthropotomists,  the  cofr-> 
lesced  prefrontals  as  the  cribriform  and  azygos  processes  of  the  ethmoid 
('  Siebplatte'  and  *  Scheidewand  des  Siebbeins,'  pp.  85.  89)  in  cetacea  which 
have  no  organ  of  smell.  In  a  young  balsenoptera,  in  which  the  frontals,  the 
vomer  and  the  nasals  were  ossified,  I  find  the  prefrontals  as  two  cartilaginous 
plates,  extending  from  the  nasals  above  to  the  groove  of  the  vomer  below.  lo 
the  manatee  the  essential  parts  of  the  prefrontals  which  dose  the  cranial 
cavity  anteriorly,  and  give  exit  to  the  olfactory  nerves,  are  thick  and  unn- 
sualiy  expanded.  But  in  no  mammal  do  these  parts,  with  their  continuation, 
the  *  lamina  perpendicularis,'  which,  as  the  coalesced  neurapophysial  plates 
of  prefrontals,  bring  the  vomer  below  in  connection  with  the  nasals  above, 
ever  undergo  such  modifications  as  to  obliterate  their  true  and  essential  ho* 
mological  characters. 

In  proceeding  next  to  consider  the  special  homologies  of  the  bones  of  the 
arch  closed  by  the  premaxillaries  (u)  and  constituting  the  *  upper  jaw,'  I 
commence  with  the  palatines  (so),  because  they  form,  throughout  the  verte- 
brate series,  the  most  constant  medium  of  suspension  of  that  arch  to  the 
anterior  cranial  segment  formed  by  the  vomer,  prefrontals  and  nasal.  This 
'  secret  afilinity,'  as  Goethe  would  have  termed  it,  before  the  knowledge  of 
the  general  type  had  revealed  its  nature,  is  manifested  by  the  process  of  the 
palatine  in  roan,  which  creeps  up,  as  it  were,  into  the  orbit  to  efiect  its  wonted 
union  with  the  prefrontal,  to  that  part  of  the  bone,  viz.  of  which  Cuvier  had 
recognised  the  homologue  in  his  'ethmoide'  of  the  bird^.  It  is  the  very 
constancy,  indeed,  of  Uiese  and  other  connections  which  has  exempted  the 
palatine  from  the  difierent  determinations  and  denominations  attached  to 
other  bones,  and  which  renders  further  discussion  of  its  special  homology 
unnecessary  here.  ^ 

Parsing  over,  for  the  same  reason,  the  maxillary  (si)  and  premaxillary  (ts), 
and  referring  to  the  excellent  treatise  by  Dr.  Kostlin§  for  the  grounds  of 
the  determination  of  the  'pterygoid'  (m),  I  proceed  to  notice  other  bones 
which,  diverging  from  the  maxillary  arch,  serve  to  give  it  additional  fixation 
and  strength  in  the  air-breathing  vertebrates.  The  first  of  these  is  the  malar 
bone  (fig.  11,  se),  the  homology  of  which  has  been  traced  without  difierence 
of  opinion  throughout  the  mammalian  class ;  where,  however,  the  inconstancy 
of  its  proportions,  number  of  connections,  and  very  existence,  is  sufficient  to 
indicate  its  comparative  unimportance  as  an  element  of  the  maxillary  arch. 
It  is  absent  in  many  insectivores  (CentdeSy  JSchinops,  Sorex):  it  has  not 
been  detected  as  a  distinct  bone  in  the  zygomatic  arch  in  the  monotremes,  on 
account  perhaps  of  its  early  coalescence,  as  in  birds,  with  the  maxillary 
(fig.  1%  21,  ss) :  in  Myrmecophaga  giganUa  and  ManiSy  it  projects  back- 
wards, as  a  styliform  appendage,  from  the  maxillary,  but  does  not  attain  the 
squamosal;  whilst  in  the  sloths  and  their  extinct  congeners  the  gigantic 
megatberioids,  the  malar  presents  its  maximum  of  development  and  complex- 
ity 0*  In  the  DelphinidiBy  again,  the  malar  is  much  reduced :  its  slightly  ex- 
panded maxillary  eud  forms  part  of  the  orbit  and  joins  the  frontal ;  the  rest 
extending  backwards,  as  a  very  slender  style,  beneath  the  orbit  to  the  squa- 

*  Ossein.  Fobs.  t.  pt.  i.  pL  xxvii.  fig.  3,  A.  * 

t  I>er  Bau  des  Kndchernen  Kopfes,  p.  11. 

X  Se«  the  passage  above  quoted  from  the  *  Lepons  d'Anat.  Comp.'  ii.  p.  580. 

§  Cp,  eit.  p.  328.  ||  Description  of  the  Mylodon  robuMius^  4to,  p.  19. 
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mosal.  The  malar  joins  the  post-orbital  process  of  the  frontal  in  the  Mana- 
tu8  senegcUensis,  the  hippopotamus,  the  sollpeds,  and  ruminants,  some  carni- 
vores and  the  lemurs ;  in  the  true  quadrumanes  and  man  it  joins  the  alisphe- 
noid,  and  sometimes  also  the  parietal. 

The  presence,  form  and  connections  of  the  malar  are  much  more  constant 
in  the  class  of  birds  ;  where,  however,  it  must  be  sought  for  as  an  indepen- 
dent bone  at  an  early  period.  In  the  young  ostrich  (fig.  23,  to)  it  is  reduced 
to  the  form  of  a  simple,  straight,  slender  style,  and  coalesces  first  with  the 
similarly-shaped  squamosal  (27),  and  next  with  the  malar  process  of  the 
maxillary  (91'^).  In  the  crocodile  the  malar  bone  (fig.  22, 10)  becomes  more 
developed,  and  adds  the  connections  with  the  postfrontal  (19)  and  the  ecto- 
pterygoid  (m')  to  the  more  constant  ones  with  the  maxillary  (si)  and  squa- 
mosal (27),  which  alone  sustain  it  in  birds.  In  most  of  the  chelonians  the 
malar  presents  the  same  connections  as  in  the  crocodile,  but  is  transmuted 
from  a  *  long'  to  a  <  flat'  bone.  It  retains  the  expanded  shape  in  the  agama ; 
but  in  most  other  lizards  it  resumes  the  styloid  form ;  being  broadest,  how- 
ever, in  those  genera,  e.  g.  Igwma^  TTioricteSy  Tefus^  in  which  it  extends  from 
the  maxillary  to  the  postfrontal  and  squamosal ;  in  the  Varani  it  projects 
freely  backwards,  like  a  styliform  appendage  of  the  maxillary,  as  in  the 
toothless  mammalian  Bmtay  above-cited. 

There  is  no  malar  bone  in  ophidians  and  batrachians.  The  lower  portion 
of  the  tympanic  pedicle  in  the  Anoura  sends  forward  a  process  which  joins  a 
backward  prolongation  of  the  maxillary :  in  all  other  batrachia  the  lower 
portion  of  the  tympanic  pedicle  is  restricted  to  its  normal  connections  and  to 
Its  function  of  affording  articulation  to  the  lower  jaw.  With  regard,  there- 
fore, to  the  zygomatic  modification  of  this  portion  of  the  pedicle  in  anourous 
BcUrachiat  some  may  deem  it  the  homologue  of  the  malar ;  and,  in  marsu- 
pial quadrupeds,  the  malar  actually  forms  part  of  the  glenoid  cavity  for  the 
lower  jaw  :  or  it  may  be  regarded  as  the  squamosal,  which  constantly  sup- 
ports the  lower  jaw  in  mammals :  or  it  may  be  viewed  as  the  coalesced  homo- 
logue of  both  bones :  or  finally,  as  a  simple  modified  dismemberment  of  the 
tvmpanic  pedicle  of  the  higher  reptiles  and  birds ;  effecting  a  union  with 
the  maxillary  bone  which  makes  it  analogous  to,  but  not,  therefore,  homolo- 
ffous  withy  the  distinct  malar  and  squamosal  in  those  higher  vertebrates.  This 
IS  a  question  of  special  homology  on  which  I  am  unwilling  at  present  to 
express  a  decided  opinion  :  but  viewing  the  inconstancy  of  the  squamosal  in 
reptilla,  and  its  deprivation  of  the  function  of  exclusively  supporting  the 
mandible  in  all  ovipara,  I  am  disinclined  to  adopt  the  idea  of  its  sudden  resti- 
tution to  that  mammalian  function  in  frogs  and  fishes ;  yet,  if  either  of  the 
bones  t«  and  17  are  to  be  selected  as  the  homologue  of  the  hypotympanic  (m/) 
of  batrachians  and  fishes,  I  should  regard  the  claims  of  the  squamosal  to  be 
stronger  than  those  of  the  malar,  which  Cuvier  has  chosen.  The  further  sub- 
division, however,  of  the  tympanic  pedicle  in  fishes,  prepares  us,  in  the  as- 
censive  comparison,  for  the  simple  division  of  the  pedicle  in  batrachia,  and 
for  recognising  in  the  lower  articular  portion  a  vegetative  dismemberment  of 
M  in  the  erectile. 

The  characters  and  chief  changes,  in  respect  of  connections  and  functions, 
of  the  squamosal  (t7^  in  the  manmialia  have  already  been  noticed  in  the  dis- 
cussion of  the  homologies  of  other  elements  of  the  complex  '  temporal  bone* 
in  that  class.  In  birds  the  bone  (fig.  23,  v}  undei]^oes  the  same  change  of 
form  which  has  *been  noticed  in  the  jugal,  viz.  from  the  squamous  to  the 
styloid.  It  continues,  however,  to  connect  the  malar  with  the  tympanic  as 
it  does  in  figs.  1 1  and  12,  but  it  has  no  connections  with  other  bones.  Cu- 
having  been  led  to  recognise  the  squamosal  in  tlie  mastoid  (fig.  23,  s)  of 
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birds,  does  not  diatiDguish  97  from  m,  the  true  *  jugal :'  and  Geoffroy  v  iewing 
the  'portion  ^cailleuse'  of  the  temporal  in  that  cranial  bone  of  the  bird » which 
be  figures  under  the  letter  R,  fig.  17»  pi.  27  (Annales  du  Museum,  x.),  calls 
tbe  tnie  squamosal»  the  original  separation  of  which  from  the  malar  he  had 
noticed  in  the  chick, '  jugal  post6rieure.'  He  did  not  admit  that  this  division 
of  the  zygomatic  style  was  constant  or  common  in  the  osteogeny  of  the  skull 
of  birds :  but  I  have  always  found  such  division  in  the  embryo,  and  it  con- 
tinues longer  than  usual  in  those  very  species,  «•  g,  the  duck  and  ostrich 
(fig.  23,  M,  sr),  in  which  Geofiroy  denies  its  existence  (/.  c,  p.  361).  Oken^ 
accurately  describes  the  two  constituents  of  the  zygoma  in  the  skull  of  the  I 
goose,  in  his  characteristic  and  original  Essay*,  where  he  calk  the  posterior  J 
piece  (v)  the  humerus,  and  the  anterior  one  (ss)  the  radius  of  the  head. 
Bojanusf ,  who  also  recognised  the  fact  of  the  essential  individuality  of  the 
bone  («7)  in  birds,  but  who  saw  the  homologue  of  the  squamosal  rather  in  the 
tympanic  (ss),  calls  it '  os  zygomaticum  posterius.'  I  could  cite  other  testi- 
monies to  the  primitive  existence  of  the  distinct  bone  in  birds  connecting  the 
malar  with  the  tympanic ;  but  the  fact  which  chiefly  concerns  us  here  is,  that 
if  the  special  homology  of  no.  s  with  the  mastoid,  and  that  of  no.  ss  with 
tbe  tympanic  be  proved,  we  then  have  a  bone  presenting  the  most  constant 
connections  of  the  squamosal  in  no.  97 :  if,  however,  that  name  be  transferred, 
as  has  been  done  by  Cuvier,  Bojanusf  and  Geoffroy,  to  other  bones,  then  a 
new  bone  and  a  new  name  must  be  introduced  into  vertebrate  craniology, 
for  which,  as  I  trust  I  have  shown,  there  is  no  sufiicient  ground. 

Both  Oken  and  Bojanua  rightly  discern  in  the  permanently  distinct  bone 
which,  in  the  crocodiles  (fig.  22,  %i)  and  chelonians,  connects  the  malar  (ss) 
with  the  tympanic  (ss),  the  homologue  of  the  bone  they  call '  cranial  hume- 
rus,' or  *  zygomaticum  posterius*  in  the  bird.  Cuvier  is  more  accurate  in  his 
determination  of  this  bone  (fig. 23,  S7)  as  the  'squamosal'  in  reptiles;  but 
again  at  the  expense  of  his  consistency  in  regard  to  the  characters  of  his 
squamosal  in  the  bird :  for  the  homology  of  no.  s  (Cuvier's  '  squamosal ')  in 
^g.  22  with  no.  s  (Cuvier's  '  mastoid')  in  fig.  23,  is  as  obvious  and  un mistake- 
able  as  is  that  of  no.  S7  (Cuvier's  '  squamosal')  in  fig.  22  with  no.  S7  (his  dis- 
memberment of  the  jugal)  in  fig.  23.  The  squamosal  is  relatively  stronger  in 
crocodiles  than  in  birds,  and  in  many  chelonians  resumes  its  flat,  scale- like 
form ;  although,  as  Cuvier  well  observes,  it  answers,  in  function,  only  to  the 
zygomatic  part  of  the  mammalian  squamosal : — ^  c'est  un  temporal  dont  la 
partie  cr^niale  a  disparu§;"  In  lizards  the  squamosal  again  resumes  the  zy- 
gomatic or  styloid  shape,  connecting  the  mastoid  and  tympanic  with  the 
postfrontal,  and  usually  also  with  the  malar ;  the  posterior  connections  being 
here,  as  in  mammals,  the  more  constant  ones. 

Aa  the  squamosal  varies  in  form  with  the  malar,  so  it  likewise  disappears 
with  it  in  ophidians ;  unless  the  anatomist,  tracing  it  descensively,  prefers  to 
see  it  again  in  tbe  peculiarly  developed  hypotympanic  of  the  anourans.  Ac- 
cordiDg  to  this  view  of  the  sudden  resumption  of  its  mammalian  function  in 
regard  to  the  lower  jaw  in  batrachia,  the  name  'squamosal'  may  be  trans- 
ferred to  the  hypotympanic  in  fishes;  and,  if  we  must  view  the  pedicle 
(19  a — d^  fig.  5)  as  *  homologically  compound,'  and  not,  like  the  mandibular 
ramus,  ^  teleologically  compound,  ss^  seems  to  me  a  less  arbitrary  selection 
from  the  pieces  of  that  long  and  subdivided  pedicle,  for  the  representative 

*  Ueber  die  Bedeutangder  Scbadelknocben,  4to,  1807,  p.  12. 
t  Anttome  TestudiniB  Enropaee,  foL  Parergon,  1821,  p.  178,  fig.  196,  t. 
X  Tbe  tympanic  bone  ft  is  described  in  tbe  same  work  as  '  squamosum  sive  quadratum/ 
(fig.  196,  g,) :  the  mastoid  is  rightly  named. 
$  Otsemens  Fossiles,  Ito.  t.  v.  pt.  ii.  p.  85. 
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of  the  fiqaamosal,  than  the  proximal  or  uDpermost  piece  (tsa)  to  which  Cu- 
vier  has  applied  that  name.  If,  indeed,  Bojanus  could  have  determined  to 
hid  own  satisfaction  or  that  of  other  anatomists^  that  the  pedicle  (ss,  fig.  23), 
articulated  by  one  end  to  the  mastoid,  and  by  the  other  to  the  mandible,  in 
birds,  was  the  ^  squamosum,'  then  there  would  have  been  some  ground  for 
regarding  the  bone  (sso,  fig.  5)  connected  in  fishes,  with  the  mastoid  as  the 
*  squamosum.' 

But  when  Cuvier  had  persuaded  himself  that  the  bone  no.  s,  fig.  23,  in 
birds,  to  which  the  tympanic  pedicle  is  articulated,  was  the  '  6caille  du  tem- 
poral,' we  feel  at  a  loss  to  know  on  what  principles  special  homologies  can 
be  traced,  when  we  find  the  name  transferred  to  the  upper  part  of  the  tym- 
panic pedicle  in  fishes  (fig.  5.  ss  a),  which  is  articulated  to  tiie  bone  (s)  un- 
equivocally answering  to  Cuvier's  '  6caille  du  temporal '  in  birds.  M.  Agassiz 
is  more  consistent,  and  abandons  with  reason  the  Cuvierian  determination  of 
the  squamosal  in  fishes :  if,  however,  the  grounds  assigned  are  conclusive  as 
to  the  homology  of  no.  s,  figs.  8  &  23  in  birds  with  the  mastoid  of  mammals 
and  reptiles,  M.  Agassiz  cannot  be  correct  in  regarding  the  bone  no.  s,  fig. 
5  in  the  fish,  as  the  ^  ^caille  du  temporal.' 

With  reference  to  the  idea  entertained  by  Spix,  GeofiVoy  and  Agassiz,  of 
the  homology  of  the  suborbital  muciferous  scale- bones  in  fishes  with  the  malar 
bones  of  higher  vertebrates,  I  may  refer  to  what  has  already  been  said  in 
regard  to  the  actual  repetition  of  the  osseous  arch  connex^ing  the  prefrontal 
with  the  postfrontal  in  certain  birds,  where  that  arch  coexists  with,  and  in- 
dependently of,  the  bone  recognised  as  the  *  malar'  by  both  Spix  and  Geof- 
frey. The  connection  of  the  malar  with  the  lacrymal  and  post-frontal  is 
less  constant  and  characteristic  of  the  bone  than  that  with  the  maxillary  and 
squamosal.  And  it  may  further  be  remarked,  that  the  functional  character 
of  circumscribing  a  mucous  duct,  manifested  by  the  lacrymal  or  anterior 
end  of  the  upper  zygomatic  or  suborbital  arch  in  the  parrot,  is  superadded  to 
the  character  of  connections  in  proof  that  such  arch,  and  not  the  true  zygo- 
matic arch  below,  is  homologous  with  the  suborbital  chain  of  bones  in  fishes. 
All  these  discrepancies  as  to  the  jugal  and  squamosal  in  fishes  arise,  in  my 
opinion,  out  of  the  circumstance  that  those  bones  are  normally  absent  in 
that  class ;  both  s«  and  sr,  figs.  1 1 ,  32,  23,  24,  25,  being  accessory  parts,  de- 
veloped only  in  saurians,  chelonians,  birds  and  mammals,  for  additional  fixa- 
tion of  the  upper  jaw,  or  for  additional  expansion  of  the  cranium,  or  for  both 
purposes*. 

According  to  this  view,  I  regard  the  t3fmpanic  (2s)  as  essentially  charac- 
terized in  the  oviparous  vertebrates  (fishes,  reptiles,  birds)  by  its  free  articu- 
lation by  a  convex  condyle  with  the  mastoid  above,  and  by  a  convex  condyle 
with  the  mandible  below;  and  I  regard  its  subdivisions  in  the  lowest  of 
these  vertebrates,  in  the  same  light  as  the  subdivisions  of  the  mandible  itself. 
The  formation  of  the  tympanic  cavity  and  support  of  the  tympanic  membrane 
are  secondary  functions.  The  tympanic  pedicle  is  essentially  a  single  cranial 
element,  and  actually  so  in  all  air-breathing  vertebrates  above  batrachians. 
We  see  plainly,  even  in  the  frog,  that  the  portion  which  supports  the  '  mem- 
brana  tympani '  is  a  mere  exogenous  process  of  the  pedicle :  it  has  still  less  the 
appearance  of  a  distinct  part  or  process  in  the  saurians,  chelonians  and  birds : 
and  when  the  tympanic  is  excluded  by  the  squamosal  in  mammals  from  its 
normal  office  of  supporting  the  mandible,  it  still  manifests  its  character  of 

*  The  inconstant  osdde  suspended  to  the  hack  part  of  the  free  extremity  of  the  nuudUair 
in  the  perooid  fishes  would  have  the  best  claim  to  homology  with  the  midar,  if  the  farther 
sabdiTision  of  the  maxillary  in  the  herring  and  lepidosteus  did  not  indicate  it.  to  be  a  vege- 
tatiye  dismemberment  of  that  bone. 
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ani^,  whether  it  be  expanded  into  a  '  balla  ossea,'  extended  into  a  long  tube 
or  meatus,  or  both,  as  in  fig.  24,  ss,  or  whether,  as  in  fig.  25,  it  be  reduced  to 
a  mere  ring  or  hoop  supporting  the  tympanic  membrane,  until  it  coalesces 
with  other  parts  of  the  temporal,  to  form  the  tympanic  or  *  external  auditory 
process'  of  that  bone.  In  no  air-breathing  vertebrate  have  I  ever  found,  or 
seen  described,  the  separation  of  the  part  of  the  tympanic  forming  the  wall 
of  the  tympanic  chamber  from  the  part  supporting  the  tympanic  membrane, 
or  this  distinct,  save  in  batrachia,  from  the  part  supporting  the  lower  jaw  *• 
The  tympanic  pedicle  is  still  further  subdivided  in  fishes;  but  M.  Agassiz's 
or^nal  idea  of  the  *  epi tympanic'  as  a  dismemberment  of  the  pedicle,  which 
he  proposed  to  call '  os  carre  mpMeur^*  is,  in  my  opinion,  much  more  consist- 
ent with  nature  than  his  later  determination  of  that  bone  as  the  '  mastoid,' 
or  than  Cuvier's  attempts  to  find  the  homologues  of  both  the  mammalian 
'squamosal'  and  *jugal'  in  the  piscine  subdivisions  of  the  same  pedicle. 
There  is  as  little  ground  for  making  the  zygomatic  process  a  distinct  element 
from  the  squamous  portion,  as  for  severing  the  annular  process  from  the  rest 
of  the  tympanic  This  idea  of  the  zygomatic  as  an  independent  piece,  which 
Dr.  Kostlin  has  abo  adopted,  seems  to  rest  only  on  the  mal-determination 
by  Bqjanus  and  Oken  of  the  true  squamosal  in  birds  and  reptiles  as  the 
'zygomaticnm'  or  'jugale  posterius':  and  the  idea  was  perhaps  further 
strengthened  in  the  mind  of  M.  Agassiz,  by  what  he  deems  to  be  the  essen- 
tial and  characteristic  function  of  the  squamosal.  But  its  protective  cere- 
bral or  cranial  scale  is  a  peculiarly  mammalian  development ;  much  reduced 
in  the  ruminants  and  cetacea,  and  totally  disappearing  in  the  oviparous  ver- 
tebrates. The  zygomatic  functions  and  connections  are,  notwithstanding  a 
few  exceptions,  as  in  the  scaly  manis  and  a  few  lizards,  the  essential  homo- 
logical  characters  of  the  '  squamosal.'  The  necessity  for  forming  an  opinion 
of  the  essential  nature  and  general  homologies  of  the  parts  blended  tc^ether 
in  the  human  *  os  temporis'  by  the  ascensive  or  synthetic  method,  is  strikingly 
exemplified  by  the  results  of  the  application  of  M.  Agassiz's  idea  of  its  nature 
to  his  determination  of  the  bones  in  the  head  of  fishes. 

As  the  paiato-maxillary  arch  in  most  air-breathing  vertebrates  supports,  ac- 
cordiDg  to  my  views,  certain  appendages,  e.  g.  the  malar  and  squamosal,  which 
are  not  present  in  fishes ;  so,  I  believe,  with  Cuvier,  that  the  tympano-man- 
dibular  arch  supports  in  fishes,  certain  appendages,  which  are  not  developed 
in  any  other  class.  It  is  this  fact,  chiefly,  that  has  led  to  so  much  discrepancy 
in  the  attempts  to  determine  by  reference  to  bones  in  higher  vertebrates  the 
opercular  bones  of  fishes, — the  chief  battle-field  of  homological  controversy. 
All  the  four  opercular  bones  forming  the  diverging  appendage  of  the  tym- 
pano-mandibular  arch  (fig.  5,  m  to  sr)  were  deemed  by  Cuvier  to  be  peculiar 
ichthjic  super-additions  to  the  ordinary  vertebrate  skeleton ;  whilst  by  Spix, 
Geoffiroy,  and  De  Blainville  they  are  held  to  be  modifications  of  parts  which 

*  Bf.  Agassiz  applies  the  subjoined  analysis  of  the  '  temporal  bone'  to  elucidate  the  homo- 
logies of  the  skull  of  fishes :— "  Nous  distinguons  encore  dans  le  temporai  complet  les  parties 
soivantes :  V/caiUet  servant  de  complement  ii  la  parol  lat^rale  du  crfine  dans  sa  partie  post^- 
rieure ;  le  muuioidien,  servant  de  rempart  post^rieur  \  la  cavity  tympanal ;  la  eaiant  logeant 
ies  parties  prindpales  de  la  cavit^  tympanale;  Vmmeau  ipmpanigue,  servant  d'appui  ik  la 
membrane  do  tympan ;  Vapophytejvffolf  formantrappm  post^eur  de  I'arcade  zygomatique ; 
Fi^N^pAystf  MiyUidei  offirant  one  insertion  )k  Tos  hyoide,  par  laquelle  ce  dernier  se  fixe  au  crane ; 
et  oiiin  I'oi  earri^  fonnant  la  surface  articnlaire  sur  laouelle  la  mScboire  InfMenre  exerea 
ses  monvemens.  La  mani^re  variee  dont  ces  differentes  pieces  se  sondent  ensemble,  se  s^parent 
ei  se  oombinent,  occasionnent  ces  innombrables  variations  auxquelles  le  temporal  est  snjet 
dans  son  ensemble.  IjieaiUe  du  temporal  est  destine,  comroe  nous  venons  de  le  voir,  \  pro- 
teger  les  parties  c^r^brales  post^rieures  de  la  tSte,  sur  la  face  lat^rale  du  crane.'' — ^Recherches 
sur  lea  Poissons  Fossiles,  t.  ii.  pt.  9, 1843,  p.  62. 
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exist  in  the  ordinary  or  endo-skeleton  of  other  vertebrata*  The  learned 
Professor  of  Comparative  Anatomy  in  King's  College,  London,  who  regards 
this  as  <<the  more  philosophical  mode  of  considering  them*,"  has  briefly 
stated  the  homologies  proposed  by  the  supporters  of  this  yiew,  viz.  that  the 
opercular  bones  are  gigantic  representatives  of  the  ossicles  of  the  ear  (Spizy 
Geoffroy,  Dr.  Grantf ):  or  that  they  are  dismemberments  of  the  lower  jaw 
(De  Blainville,  Bojanus), — a  view  refuted  by  the  discovery  of  the  compli- 
cated structure  of  the  lower  jaw  in  certain  fishes,  which  likewise  posseas  the 
opercular  bones :  he  then  cites  a  third  view,  viz.  that  they  are  parts  of  the 
dermal  skeleton ;  **  in  short,  scales  modified  in  subserviency  to  the  breathing 
function ;"  an  opinion  which  Professor  Jones  correctly  states  that  he  derived 
from  my  Lectures  on  Comparative  Anatomy,  delivered  at  St  Bartholomew's 
Hospital  in  1835,  and  which  he  adopts,  although  its  accordance  with  his  first 
proposition  is  not  very  clear.  I  have  subsequently  seen  reason  to  modify  that 
view,  though  it  has  received  the  sanction  of  the  greatest  ichthyologist  of  the 
present  day,  M.  Agassiz ;  and,  as  I  have  since  found,  had  presented  itself  so 
early  as  1826,  under  a  peculiar  aspect  to  the  philosophical  mind  of  Professor 
1  Von  Baer.  In  his  admirable  paper  on  the  endo-  and  exonskeleton,  M.Yon  Baer 
expresses  his  opinion,  that  the  opercular  bones  are  (dermaH  ribs  or  lateral 
portions  of  the  external  cincture  of  the  head^.  The  idea  of  the  relationship 
|Of  the  opercular  flaps  to  locomotive  organs  is  presented  by  Cams,  under  the 
Janciful  view  of  their  homology  with  the  wing-covers  of  beetles  and  the  valves 
^f  a  bivalve  shell  §.  In  1836,  M.  Agassiz  propounded  his  idea  of  the  relation 
of  the  opercular  bones  to  scales  in  a  very  precise  and  definite  manner; 
though,  as  1  have  elsewhere  shown  ||,  the  chier  ground  of  his  opinion  is  erro- 
neous. He  says,  <*Les  pidces  operculaires  des  poissons  ne  croissent  pas, 
comme  les  os  des  vertdbres  en  g6n6ral,  par  irradiation  d'un  ou  de  plusieurs 
points  d'ossification ;  ce  sent,  au  contraire,  des  v6ritables  ^cailles,  form^es, 
comme  celles  qui  recouvrent  le  tronc,  de  lames  d6pos6es  successivement 
les  unes  sous  les  autres,  et  dont  les  bords  sont  souvent  m^me  dentel^ 
comme  ceux  des  ^cailles  du  corps.    Teb  sont  I'opercule,  le  sub-opercule,  et 

*  Professor  Rymer  Jones,  General  Outline  of  the  Animal  Kingdom,  8to,  1841,  p.  509. 

t  Lectures,  Lancet,  Jan.  1 1, 1834,  p.  573 ;  Outlines  of  Comp.  Anat.  p.  64. 

X  **  In  mancber  Beziehung  gehoren  die  Kiemendeckel  zu  ihr,  nnd  ich  halte  sie  um  bo 
mehr  fiir  (Hant)  Rippen,  d.  h.  nir  Seitentheile  der  iussem  Ringe  des  Kopfet,  da  ich  neaueh 
in  den  gewohnlichen  Knockenfischen  fiir  nichts  anderes  ansdien  kann.  Hat  bei  dieaen  aich 
der  oberste  Knochen  des  Kiemendeckels  wenig  Aehnlichkeit  mit  Rippen,  so  geht  dagegen 
der  unterste  so  unverkennbar  in  die  strahlender  Kiemenhaut  iiber,  das  der  Uebergang  gar 
nicht  zu  verkennen  ist."— Meckel's  Archiv,  1826,  3  heft,  p.  369. 

An  analogous  idea  of  the  relation  of  the  opercular  bones  to  the  inferior  or  costal  arches  was 
proposed  by  6eofih>y  St  Hilaire  (Annales  des  Sciences,  t.  iii.  pL  9),  and  Covier  (Hist,  des 
PoissonB,  L  p.  232),  and  has  been  adopted  by  the  learned  Professor  of  Comparative  Ana- 
tomy in  University  College,  who,  speaking  of  the  occipital  vertebrae,  says,  **'  The  two  external 
and  the  two  lateral  occipitals  form  the  upper  arch,  and  the  two  openmlar  and  two  sub- 
opercular  bones  constitute  the  lower  arch."  (Lectures,  Lancet,  1834,  p.  543.)  He  subse- 
quently, however,  adopts  and  illustrates  (p.  573)  the  homology  of  the  opercular  bones  with 
tiie  'ossicula  auditfis' of  mammalia;  and  in  the  'Outlines  of  Comp.  Anat.'  dtes  only  the 
Spixian  and  Blainvillian  hypotheses  (pp.  64,  65).  In  my  Hunterian  Lectures  (vol.  ii.  1836, 
pp.  113,  130),  I  have  adduced  the  grounds  which  have  led  me  to  the  conclusion  that  the 
opercular  bones  are  neither  ribs  of  the  exo-skdeton,  nor  inferior  arches  of  the  endo-skeleton, 
but  persistent  radiating  appendages  of  an  inferior  (haemal)  arch ;  not,  however,  of  the  occipital 
vertebra,  but  of  the  frontal ;  just  as  the  branchiostegal  rays  are  the  appendages  of  the  luemal 
arch  of  the  parietal,  and  the  pectoral  fins  of  that  of  the  occipital  vertebne.  That  parts  of 
both  endo-  and  exo-skeleton  may  combine  to  constitute  the  opercular  fin  is  the  more  pro- 
bable, inasmuch  as  we  see  the  same  combination  of  cartilaginous  and  dermal  rays  in  the 
pectoral  fins  of  the  plagiostomes,  and  in  the  median  fins  of  most  fishes.     . 

$  Urtheilen  des  Knochen  und  Schalengerustes,  fol.  p.  122. 

II  Lectures  on  Vertebrata,  p.  139. 
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riiitem)pere«le»  Le  snpm^fcapalaire  mdme  peut  dtre  enviflag^  comme  la 
pmudi«  6cailte  de  la  ligne  lat^raiey  dont  le  bord  eat  (galement  denteld.  On 
poQRi^t  dire  ansai  que  le  scapulaire  n'eat  qu'une  trds  grande  6caille  de  la 
partie  aat^iieare  dea  flanca*.**  And  he  adds,  ''Uopinion  que  j'ai  Utilise  k 
leor  ^gard  prooTe  qae  je  suia  loin  d'admettre  lea  rapporta  que  Ton  a  cm 
trouver  entre  lea  pi^ea  opercolairea  et  lea  oaseletB  de  Foreille  internet-** 

I  apprehend  that  the  idea  of  the  development  of  the  opercular  bones  bj 

the  saeceasive  excretion  or  deposition  of  layera,  one  beneath  the  other,  ac- 

eerding  to  the  mode  in  which  M.  Agasaiz  suppoaea  scales  to  be  formed,  was 

derived  merely  from  the  appearance  of  the  concentric  lines  on  the  opercular, 

sobopereolar,  and  interopercular  bones  in  many  fishes.    I  have  examined 

v'le  development  of  the  opercular  bone  in  young  gold-fish  and  carp,  and  I 

find  that  it  is  effected  in  precisely  the  same  manner  as  that  of  the  frontal  and 

parietal  bones.     The  cells  which  regulate  the  intussusception  and  deposition 

of  the  earthy  particles  make  their  appearance  in  the  primitive  blastema  in 

sucoeflshne  concentric  layers,  according  to  the  same  law  which  presides  over 

the  concentric  arrangements  of  the  radiated  cells  around  the  medullary  canala 

in  the  bones  of  the  higher  vertebrata :  and  the  term  *  successive  deposition/ 

hi  the  sense  of  excretion,  is  inapplicable  to  the  formation  of  the  opercular 

bones.    The  argument  in  favour  of  their  dermal  character  drawn  from  the 

ptenomena  of  the  development  of  the  opercular  flap,  would  equall  v  apply  to 

prove  the  bones  (ulna,  radius,  carpus,  &c.)  supporting  the  pectoral  fin,  to  be 

'denual'  honest* 

The  interopercular  as  well  as  the  preopercular  bones  exist  in  the  Lepi" 
doiiren  arniedms  with  all  the  characters,  even  to  the  green  colour,  of  the  rest 
of  the  ossified  parts  of  the  endo-skeleton ;  the  preopercular,  as  an  appendage 
to  the  tympanic  arch,  retakiing  its  primitive  embryonal  subcylindriced  form, 
the  interopercular  being  partly  attached  to  the  hyoid  arch.  Of  the  supra- 
•capular  there  is  no  trace  in  the  lepidosiren ;  but  in  the  sturgeon  it  plainly 
exists  as  part  of  the  cartilaginous  endo>skeleton,  under  the  same  bifurcate 
form,  and  double  connection  with  the  cartilaginous  skull,  which  it  presents 
10  most  osseous  fishes.  The  hirge  triangular  bonv  dermal  scale  firmly  adheres 
to  its  broad,  triangular,  flat,  outer  suHace.  The  epi-  and  meso-tympanic 
cartibgea  in  like  manner  expand  posteriorly,  and  give  a  similar  support  to 
the  large  opercular  ganoid  scale.  Were  the  supporting  cartilages  of  the 
opercukr  and  suprascapular  scales  to  become  ossified  in  the  sturgeon,  they 
might  become  anofaylosed  to  the  dermal  bony  plates,  and  bones,  truly  homo- 
logous with  the  opercular  and  suprascapular  In  ordinary  osseous  fishes, 
would  thus  be  composed  of  parts  of  the  endo-  and  exo-skeleton  blended 
together.  I  cannot,  therefore,  concur  with  Von  Baer  in  the  opinion  that  the 
opercnhir  bones  are  ribs  of  the  exo 'skeleton,  nor  with  Agassiz  that  both  the 
opercular  and  suprascapular  bones  are  merely  modified  scales.  In  explaining 
my  views  of  the  opercular  bones,  I  am  compelled,  believing  them  to  have  no 
^Mcial  homologues  in  higher  animab,  to  express  those  views  in  the  terms  of 
a  higher  generalization.  The  suprascapular  bone  (fig.  5,  4o)  is  the  upper  or 
first  put  of  the  hsemal  arch  of  the  occipital  segment  of  the  skull,  and  corre- 
^KHids  in  serial  homology  with  the  epi-tympanic  portion  (ss  a)  of  the  mandi- 
bular arch,  and'  with  the  palatine  portion  (so)  of  the  maxillary  arch.  The 
opereolar  bones  are  the  diverging  appendages  of  the  tympano-mandibubur 

*  Recherches  tor  les  PbiMons  FstsUos,  Im^Mm  611W,  1636,  torn.  iv.  p.  60. 

t  lb.  p.  73. 

X  ^  L'embryologie  nous  prouve,  en  effet,  que  la  formation  de  Tappareil  operenlaire  n'est 
qu'nn  limple  prodiiit  de  la  peau,  qui  peu-^peu  s'^end  par  detsus  les  branchieSy  d'aboid 
enti^rement  d^gagte  dans  rembryon/^— 76.  p.  64. 
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arch,  and  correspond,  in  serial  homology,  with  the  branchiost^al  apiiendoges 
of  the  hyoid  and  the  pectoral  appendages  of  the  scapular  arches,  and  have 
the  same  title  to  be  regarded  as  cephalic  fins,  and  as  parts  of  the  normal 
system  of  the  vertebrate  endo-skeleton ;  but  neither  opercular  booes  nor 
branchiostegal  rays  are  retained  in  the  skeletons  of  higher  vertebrata*  All 
diverging  appendages  of  vertebral  segments  make  their  first  appearance  in 
the  vertebrate  series  as  '  rays ';  and  the  opercular  bones  are  actually  repre- 
sented by  cartilaginous  rays,  retaining  their  primitive  form  in  the  pla^o- 
stomes.  In  the  conger  the  subopercular  still  presents  the  form  of  a  long  and 
slender  fin-ray. 

The  opercular  and  subopercular,  in  ordinary  osseous  fishes,  may  frequently 
coalesce,  like  the  suprascapular,  with  their  representative  scales  of  the  dermal 
system ;  but  they  are  ebsentially  something  more  than  peculiarly  developed 
representatives  of  those  scales.  M.  Agassiz,  indeed,  excepts  tlie  preoper- 
cular  bone  from  the  category  of  "  pieces  cutan^es,*'  believing  it  to  be  the 
homologue  of  the  styloid  process  of  the  temporal  bone  in  anthropotomy*  or 
the  'stylo-hyal'  of  vertebrate  anatomy,  as  the  piece,  viz.  which  completes  the 
hyoid  arch  above.  ''  C'est  en  efiet,"  he  says,  '*  cet  os  a  la  face  interne  duquel 
I'os  hyoide  des  poissons  est  suspendu,  qui  s'articule  en  haut  avec  le  mastoi- 
dien  et  tr^  souvent  mdme  sur  T^caille  du  temporal."  So  far  as  my  obser- 
vation has  gone,  it  is  a  rare  exception  to  find  the  hyuid  arch  suspended  to 
the  preoperculum ;  the  rule  in  osseous  fishes  is  to  find  the  upper  styliforra 
piece  of  the  hyoid  arch  (fig.  5,  as)  attached  to  the  epi-tympanic  (is  a)  close 
to  its  junction  with  the  meso-tympanic  bone  (ss&).  It  is  equally  the  rule  to 
find  the  preopercular  (34)  articulated  with  the  epi-,  meso-,  and  hypo-tym- 
panics ;  and  it  is  an  exception,  when  it  rises  so  hieh  as  to  be  connected  with 
the  mastoid  (*  6caille  du  temporal '  of  Agassiz).  If  the  stylo-hyal  be  not  the 
upper  piece  of  the  hyoid  arch  displaced,  and  if  the  upper  piece  connecting 
that  arch  with  the  mastoid  is  to  be  sought  for  in  osseous  fishes,  I  should 
rather  view  it  in  the  posterior  half  of  the  epi- tympanic  (w  a),  which  is  usually 
bifurcate  below  and  very  commonly  also  above,  when  the  posterior  upper 
division  articulates  with  the  mastoid,  and  one  of  the  lower  divisions  with  the 
hyoid  arch. 

llie  normal  position,  form,  and  connections  of  the  preoperculum  clearly 
bespeak  it  to  be  the  first  or  proximal  segment  of  the  radiated  appendage  of 
the  tympano-mandibular  arch :  the  opercular,  subopercular,  and  interopc^r- 
cular  bones  form  the  distal  segment  of  the  same  appendage. 

M.  Vogt,  in  supporting  M.  Agassiz*s  views  of  the  Ganoid  order,  reiterates 
his  original  idea  that  the  preopercular  bone  is  the  proximal  piece  (styloid) 
of  an  arch  distinct  from  the  tympano*mandibular  one ;  but  as  the  chief  ground 
of  this  opinion  rests  on  a  simple  question  of  fact  easily  determinable,  viz. 
whether,  as  a  rule,  the  hyoid  arch  is  suspended  from  the  preoperculum,  and 
this  from  the  mastoid  in  fishes,  neither  of  which  accord  with  my  observation 
of  their  connections  of  those  parts,  the  verdict  may  be  left  to  the  experience 
of  other  observers.  From  a  remark  of  M.  Vogt's*,  viz.  that  "  M.  Miiller 
attache,  k  ce  quil  parait,  trop  pen  d'importance  a  cefaitf  que  toujoura  le 
pr^opercule,  et  cela  aussi  chez  les  Siluro'ides,  sert  de  point  d*attache  k  Varc 
hyoidien,"  it  would  seem  that,  perhaps,  the  accomplished  physiologist  and 
ichthyologist  of  Berlin  had  not  found  the  fad  \  and,  therefore,  gave  not  more 
than  its  due  importance  to  the  rare  exceptional  circumstance  of  such  an  at- 
tachment. The  preopercular  can  be  removed  in  most  fishes,  except  where, 
as  in  the  siluroids,  it  coalesces  with  the  tympanic  arch,  without  dislocating 

Sciences,  1845,  p.  56. 
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or  disturbiog  the  connectionft  of  the  true  stylo-hyal  (fig.  5»  u)  with  the  epi- 
tympaDtc  (tsa)  from  which  it  is  normally  suspended. 

M.  Vogt  correctly  observes  that  the  *  temporal'  ^epitympanic»  ss  a),  *  sym- 
pleetique'  (mesotympanic,  ss  6),  and  *jugulaire' (hypotympanic,  ss^),  '^ii 
eax  senb  ferment  d^j^  un  arc  suspensoir  complet,  k  la  face  post^rieure 
duquel  le  priopercule  est  seulement  aceol6*."  But  this  only  proves  that  the 
preoperculnm  is  an  appendage  to  such  arch,  not  that  it  is  a  suspensory  pier 
of  a  second  arch. 

The  only  essential  modification. which  the  siluroids  present  is  the  confluence 
of  the  preoperculum  with  the  true  tympanic  pedicle,  here  reduced  to  a  single 
piece.  But  this  does  not  disprove  its  character  as  an  appendage  of  the 
tjmpano-mandibular  arch,  any  more  than  does  the  confluence  of  the  ulna  and 
radios  with  the  scapular  arch  in  the  sturgeon  disprove  the  character  of  those 
elements  as  appendages  of  that  arch.  I  have  not  been  able  to  trace  in  the 
siluroids  the  primitive  boundaries  of  the  coalesced  preoperculum  to  such  an 
extent  as  to  justify  the  statement,  that  it  is  intercalated  between  the  epitym- 
puic  and  hy potympanic,  replacing  the  mesotympanic :  but,  if  the  preopercular 
should  extend  in  any  siluroid  fish  so  far  as  M.  Vogt  describes,  this  excep* 
tional  development  would  rather  prove  it  to  belong  essentially  to  the  tym- 
psoic  and  not  to  the  hyoidean  arch :  at  least  it  is  only  through  this  abnor- 
msl  encroachment  that  the  preopercular  can  detach  the  stylohyal  from  the 
epitympanic. 

As  the  otosteals,  or  '  ossicula  audita*  have  borne  a  prominent  share  in  the 
<Usciissions  of  the  special  homologies  of  the  tympanic  pedicle  and  its  append- 
ages, I  may  here  remark  that  the  extension  in  the  embryo  mammal  of  the 
loDg  and  slender  process  of  the  malleus  in  the  direction  of  the  mandible,  and 
its  continuation  or  connection  with  the  cylindrical  cartilage  (hsemal  portion 
of  the  tympano-mandibular  arch)  from  which  the  lower  jaw  is  subsequently 
developed,  is  a  circumstance  which  renders  the  idea  of  the  malleus,  at  least, 
being  a  modified  element  of  the  tympano-mandibular  arch  in  batrachiaiis 
tod  fishes,  worthy  of  consideration.  The  prolongation  from  the  mesotym- 
panic of  the  cylindrical  cartilage,  described  by  Meckel,  and  around  which 
the  mandible  is  ossified  in  fishes,  and  the  characteristic  cylindrical  or  styloid 
form  of  the  mesotympanic,  have  induced  M.  Vogtf  to  view  that  bone,  the 
'fymplectique'  of  Cuvier,  as  the  homologue  of  at  least  part  of  the  malleus; 
aod  at  the  same  time  of  the  bone  called  '  tympano-nuiU^'  by  Dug6s  (my 
'l^Tpotympanic*)  in  the  batrachians.  M.  Vogt  offers  no  other  reasons  for 
the  determination.  I  find  that  the  cartilage  which  in  the  batrachians  forms 
the  medium  of  communication  between  the  semi-ellipsoid  ossicle  (stapes) 
dosing  the  fenestra  ovalis  and  the  tympanic  membrane,  is  repeated  or  repro- 
duced in  the  more  malleiform  cartihige  connecting  the  columelliform  stapes 
of  the  saurian  reptiles  to  the  membrana  tympani.  In  birds  a  portion  of  the 
cartilage  attached  to  the  tympanum  becomes  ossified  and  coalesces  with  the 
colamdiiform  stapes ;  and  at  the  angle  of  union  one  or  two  cartilaginous 
processes  exist,  which  some  anatomists  have  compared  with  the  incus.  But 
all  anatomists  have  concurred  in  recognising  the  homology  of  the  peripheral 
bent-down  portion  of  the  long  columella,  which  adheres  to  the  membrana 
tympani,  with  the  part  of  the  malleus  called  *  manubrium,'  or  handle,  in 
BVunmalia.  The  superadded  modifications  characteristic  of  the  otosteals  in 
this  dass,  have  their  seat  between  the  manubrium  mallei  and  the  stapes,  and 
chiefly  result  in  the  development  of  the  new  bone  called  'incus'  and  its  epi- 
phyiii,  which  has  been  termed  the  '  os  orbiculare.'  Notwithstanding,  there- 
A>re,  the  connection  of  the  '  processus  gracilis  mallei'  with  the  embryonic 

*  Annsles  des  Sciences,  1845,  p.  55.  f  Loe,  eii.  p.  58. 
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• 
hsemal  or  rbceral  cartilage  of  the  mandibular  arch  in  mmmmalf,  the  homo- 
logy of  the  malleus  is  so  clearly  traceable  down  to  its  first  independent  ma- 
nifestation in  coexistence  with  the  tympanic  membrane  of  the  batrachia,  to 
which  it  connects  the  unequivocally  acoustic  oasicLe  representing  the  '  stapes,' 
that  the  reference  of  all  the  additional  ossicular  mechanism  of  the  ear-drum 
to  the  same  system  of  the  skeleton  as  the  petrosal  itself,  appears  to  me  to  be 
most  consonant  with  the  recognued  facts  in  their  development  and  compara- 
tive anatomv. 

M.  Agassis  has  never  countenanced  the  idea  of  the  reproduction  of  the 
mammalian  tympanic  ossicles  in  a  ununified  form  in  either  the  tympanic 
arch  or  its  opercular  appendages.     Returning  to  the  consideration  of  these 
bones  in  the  last  volume  (p«68)  of  his  admirable  *  Recherches,'  he  reaffirms 
his  opinion,  that  the  opercular,  subopercular,  and  interopercular  are  '  oase- 
lets  particuliers  de  la  peau;'  bat  calk  them  <  branchiostegal  rays.'     If  he 
had  meant  that  they  were  parts  essentially  distinct,  but  comparable  to  the 
true  branchiostegals,  he  would  have  accumtely  enunciated  their  *  serial  ho- 
mology/   M.  Agassiz,  however,  expressly  repudiates  this  idea  of  r^resen- 
tative  relation,  and  affirms  them  to  be  part  of  one  and  the  same  series  of 
ravs.    '^  Mais  en  disant  que  les  pieces  operculaires  sent  des  rayons  branchio- 
stegues,  je  n'entends  point  faire  une  simple  coraparaison,  mais  bien  affirmer, 
que  je  considdre  ces  plaques  osseuses  simplement  comme  les  rayons  bran- 
chiost^gues  sup6rieurs*."    This  idea  is,  in  fact,  a  necessary  consequence  of 
M.  Vogt's  conclusion,  that  the  preoperculum  is  the  upper  or  styloid  element 
of  the  hyoidean  arch.    The  combination  of  the  opercular  rays  or  bones  wiUi 
the  branchiostegals  in  the  support  and  movements  of  the  continuous  gill- 
cover  and  gill-membrane,  does  not  prove  them  to  be  diverging  appendages 
of  the  same  arch,  any  more  than  the  similar  combination  of  the  ravs  of  the 
pectoral  and  ventral  fins  in  the  sucker  of  the  Cyclopierug  proves  those  rays 
to  be  parts  of  the  same  arch.    And  I  may  repeat  that,  admitting  the  humerus 
to  be,  as  Bakker  surmised,  confluent  in  all  fishes  with  the  bone  5t,  ^g,  6 ; 
and  since  in  the  plagiostomes,  sturgeons  and  lophioids,  the  second  segment  of 
the  rudimental  fore-limb  is  not  liberated  from  the  supporting  arch ;  so,  lake- 
wise,  the  proximal  member  of  the  opercular  limb  may  remain,  or  become  in 
some  instances  conflnent  with  its  sustaining  arch,  without  that  exceptional 
state  invalidating  the  determination  deduced  from  its  more  constant  and  re- 
gular character  as  the  proximal  element  of  the  free  appendage  to  that  arch. 
The  third  inverted  arch  of  the  skull  is  suspended  in  fishes  by  a  slender 
styliform  bone,  the  'stylohyal'  (fig.  5,  as),  from  the  lower  end  of  the  epi- 
tympaaic  (tsa)  close  to  the  joint  of  the  styliform  'mesotyropaiiic'  (tsb); 
and  it  is  connected,  through  the  medium  of  the  posterior  division  and 
joint  of  the  epitympanic,  with  the  mastoid  (s).     Now,  either  that  division 
of  the  epitympanic  may  be  viewed,  by  virtue  of  its  proper  articular  condyle 
above,  and  its  connection  with  a  distinct  inverted  arch  below,  as  the  proximal 
piece  of  that  arch,  coalesced  with  the  proximal  piece  of  the  next  arch  in 
advance,  which  articulates  with  the  post^rontal ;  or,  it  may  be  viewed  as  an 
excessrve  development  of  the  proximal  pieoe  of  the  tympano-mandibular  arch, 
which,  extending  backwards,  has  displaced  the  hyoid  from  the  mastoid,  just 
as  the  squamosal,  by  a  similar  backward  development,  in  mammnlg^  displaces 
the  mandibular  arch  from  the  tympania 

According  to  the  first  view,  the  bone  bo.  as  would  be  a  dismemberment 
of  the  proximal  element  of  the  hyoid  arch ;  according  to  the  second  view,  it 
would  be  the  entire  element  reduced  and  displaced :  in  both  cases  it  would 
he  homologous  with  the  proximal  slender  piece  of  the  hyoid  arch  in  all 

*  Recherches  anr  lea  Poissons  Foasiles.  t.  pt.  ii.  p.  68. 
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Tertebreta»  and  to  which  piece  the  term  'ttyluid'  or  ^atiliform'  has  beea 
giYen  from  the  fish  up  to  man  (me  Tablb  L).  The  homology,  indeed,  Is  so 
obfioaa,  thai  M.  Agasaiz,  in  aeeeptiBg  the  conclusioD  of  M.  Vogt,  that  the 
bone  (fig.  5*  m),  peculiar  to  caseous  nshes»  which  so  rarely  articulates  di* 
recdj  wi^  the  mastoid  or  with  the  hyoid  arch,  and  so  oonstantlj  sustains 
tlie  distal  segment  of  the  operculum,  was  the  homologue  of  the  *  processus 
ftiBforana  ossis  temporis,'  nevertheless  retains  the  name  *stjloIde'  for  the 
part  BO.  s8  in  question. 

The  true  homology  of  no.  S4,  alreiady  explained,  removes  the  anomaly  of 
Tiewing  that  peculiarly  piscine  bone  as  the  homologue  of  a  constant  element 
of  the  hyoid  arch  in  all  the  vertebrate  classes,  and  the  greater  anomaly  of 
the  introduction  of  a  new  dement — a  stylmd  piece  of  the  os  hyoldes — in 
addition  to  the  ^styloid  process  of  the  temporsl'  in  fishes.  The  'stylohyal' 
articulatea  below  to  the  apex  of  a  triangular  piece  (s§),  which  is  pretty  con* 
ftant  in  fishes,  and  to  which  I  give  the  name  of  *  epihyal,'  as  being  the  upper 
of  the  two  principal  parts  of  the  comu  or  arch :  the  third  longer  and  stronger 
piece  is  the  '  ceratohyal '  (t^.  4o). 

The  keystone  or  body  of  the  inverted  hyoid  arch  is  formed  by  two  small 
sabcnbieal  bones  on  each  side,  the  'basthyals '  (i^  4i).  These  complete  the 
bony  arch  in  some  fishes :  in  most  others  there  is  a  median  styliform  ossicle^ 
extended  forwards  from  the  basi-hyal  symphysis  into  the  substance  of  the 
tongue,  called  the  ^  glossohyal '  (ib,  4t),  or  *  os  linguale';  and  another  svaiBie* 
tribal,  but  usually  triangular,  flattened  bone,  which  expands  vertically  as  it 
extends  backwards,  in  the  middle  line,  from  the  basihyals ;  this  is  the  *  urobyal' 
(^.  4i).  It  is  connected  with  the  symphysis  of  the  coracoids,  which  closes  below 
die  fourth  of  the  cranial  inverted  arches,  and  it  thus  forms  the  iathmus  which 
sepafates  below  the  two  branchial  apertures.  In  the  conger  the  hyoidean 
aich  is  rimplified  by  the  persistent  ligamentous  state  of  the  stylohyal,  and 
hj  the  eonfiuence  of  the  basi-hyals  with  the  ceratohyals :  a  long  glossohyal 
is  articulated  to  the  upper  part  of  the  ligamentous  symphysis,  and  a  long 
oompresaed  urohyal  to  the  under  part  of  t£e  same  junction  of  the  hyoid  arc£ 
Tbe  glossohyal  is  wanting  in  the  MunaiopkU* 

The  appeiidages  of  the  hyoidean  arch  in  fishes  retain  the  form  of  simple, 
dmigated,  dender,  slightly  curved  rays,  articulated  to  depressions  in  the  outer 
sad  posterior  margins  of  the  epi-  and  cerato-hyak :  they  are  called  '*  bran* 
ehiostegals,"  or  gill-cover  rays,  because  they  support  the  membrane  which 
doses  externally  the  branchial  chamber.  The  number  of  these  rays  varies, 
and  their  presence  is  not  constant  even  in  the  bony  fishes :  there  are  but 
three  broad  and  flat  rays  in  the  carp ;  whilst  the  dupeoid  JSlopi  has  more 
than  thirty  rays  in  each  gill-cover :  the  most  common  number  is  seven,  as 
b  the  ood  (^g,  SO,  44).  They  are  of  enormous  length  in  the  angler,  and 
serve  to  support  the  membrane  which  is  developed  to  form  a  great  receptacle 
on  each  side  of  the  head  of  that  singular  fish. 

Branchial  Arches. — In  the  class  of  fishes,  certain  bony  arches,  whidi  ap« 
pertain  to  the  system  of  the  visceral  skeleton,  succeed  the  hyoidean  arch, 
with  tbe  keystone  of  which  they  are  more  or  less  closely  connected.  Six  of 
these  arehes  are  primarily  developed,  and  five  usually  retained ;  the  first  four 
of  these  support  the  gills,  the  fifth  is  beset  with  teeth  and  guards  the  opening 
of  the  gullet :  this  latter  is  termed  the  '  pharyngeal  arch,'  the  rest  the  '  bran- 
chial strches.' 

The  lower  extremities  of  these  arches  adhere  to  the  sides  of  a  median  chain 
of  ossicles,  which  is  continued  from  the  posterior  angle  of  the  basi-hyal,  or 
from  above  the  uro-hyal,  when  this  is  ossified :  the  bones  which  form  those 
extremities  are  the  ^  hypobraachials*;  and  they  support  longer  bent  pieca^ 
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lulled  '  cerato-branchials.*  It  is  with  these  elements  of  the  branchial  archei 
in  fishes  and  perennibranchiate  batrachians  that  we  are  chiefly  concerned 
in  tracing  the  homologj  of  the  hjoid  apparatus  in  the  air-breathing  verte* 
brates.  With  regard  to  the  branchial  and  pharyngeal  arches,  which  attain 
their  full  development  onlj  in  the  class  of  fishes,  I  regard  them  as  appertain- 
ing to  the  system  of  the  splanchno-skeleton,  or  to  that  category  of  bones  to 
which  the  heart-bone  of  the  ruminants  and  the  hard  jaw-like  pieces  supports 
ing  the  teeth  of  the  stomach  of  the  lobster  belong.  The  branchial  arches 
are  sometimes  cartilaginous  when  the  true  endo-skeleton  is  ossified :  they  are 
never  ossified  in  the  perennibranchiate  batrachians,  and  are  the  first  to  dis- 
appear in  the  larvae  of  the  caducibranchiate  species ;  and  both  their  place 
and  mode  of  attachment  to  the  skull  demonstrate  that  they  have  no  CMential 
homological  relation  to  its  endo  skeletal  segments. 

'  The  hyoid  arch  or  apparatus  retains  most  resemblance  to  that  of  fishes  in 
the  Siren  iacertina ;  the  basihyal  b  simplified  into  a  single  osseous  spatu- 
late  piece,  with  the  bowl  of  the  spoon  anterior,  and  supporting  a  broad  and 
flat  semicircular  glossohyaL  A  strong  and  thick  ceratohyal  is  articulated 
by  means  of  a  small  cartilage  to  the  side  of  the  expanded  part  of  the  basi- 
hyal, and  a  cartilaginous  epihyal  arches  backwards  from  its  upper  end.  A 
cartilaginous  urohyal  extends  from  the  hind  end  of  the  basihyal,  and  ex- 
panck  into  a  radiated  disc,  which  supports  the  membranous  trachea  and  the 
simple  glottis.  One  pair  of  bony  <  hypobranchials '  is  articulated  to  the 
basi-uro-hyal  joint  and  a  second  pair  to  the  sides  of  the. urohyal :  and  to  the 
upper  and  outer  ends  of  these  are  attached  four  pairs  of  cartilaginous  *  cerato- 
branchials.'  The  fimbriated  branchiae  are  attached  to  the  three  anterior 
ceratobranchials. 

In  the  proteus  the  urohyal  is  absent,  and  it  is  not  again  developed  in  any 
batrachian.  The  long  subcylindrical  basihyal  supports  a  subcircular  carti- 
laginous discoid  glossohyal,  and  at  the  angle  of  union  the  bony  ceratohyals 
are  sent  off.  A  pair  of  hypobranchials  diverge  from  the  end  of  the  basihyal ; 
to  which  a  second  small  pair  of  basibranchiab  are  loosely  connected  by  an 
aponeurosis.  These  support  three  ceratobranchials  on  each  side,  which  are 
bony. 

In  the  newts  there  is  neither  a  glossohyal  nor  urohyal,  or  but  a  rudiment 
of  the  latter,  to  each  side  of  which  are  articulated  two  hypobranchials,  whose 
distal  ends  converge  on  each  side  to  support  a  single  cartilaginous  gill-less 
rudiment  of  a  ceratobranchial.  The  special  homologies  of  all  those  parts  of 
the  complex  hyoid,  rendered  more  complex  by  the  retention  of  part  of  the 
branchial  skeleton,  are  clearly  demonstrated  by  pursuing  the  metamorphoses 
of  the  hyo-branchial  skeleton  in  the  larvae  of  the  anourous  batrachians.  In 
the  fuU-gilled  tadpole  a  short  and  simple  basihyal  supports  laterally  two 
thick  and  strong  ceratohyals,  and  posteriorly  two  short  and  broad  hypo- 
branchials, to  which  four  ceratobranchials  are  attached :  all  the  parts  are 
icartilaginous.  The  type  of  this  stage  is  retained  in  the  siren,  with  Uie  histo- 
logical progress  to  bone  in  the  hyoid  and  hypo-branchial  pieces.  The  second 
well-marked  stage  in  the  tadpole  shows  an  extension  of  the  external  and 
posterior  angles  of  the  hypobranchials,  with  progressive  absorption  of  the 
cartilaginous  ceratobranchials.  The  growth  and  divergence  of  the  posterior 
angles  of  the  hypobranchials  refer  to  the  development  of  the  larynx,  now 
commencing,  which  part  they  are  destined  to  support.  That  period  may  be 
described  as  the  third  stage  at  which  the  ceratobranchials  have  disappeared, 
and  the  posterior  angles  of  the  hypobranchials  increase  in  length  and  assume 
the  character  of  posterior  comua  of  the  os  hyoides.  The  last  and  adult 
#tage  shows  the  ossification  of  the  elongated  angles  of  the  hypobranchials, 
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tbe  coalcgeence  of  their  cartibgioous  bases  with  the  basihyal,  the  expanaion 
of  the  baaihyal  and  extension  of  its  anterior  and  external  angles ;  in  front  of 
which  the  now  long  and  slender  ceratohjak  usually  coalesce  with  the  basi* 
hjal ;  their  opposite  ends  having  shifted  their  attachments  and  retrograded, 
like  other  hsemal  arches  of  the  skull,  in  the  course  of  the  metamorphosis, 
lo  the  case  of  the  hyoid  arch  of  the  frog,  the  change  of  place  is  from  the 
tympanic  pedicle  backwards  to  the  persistent  cartilaginous  petrosal:  and 
this  is  a  very  suggestive  and  significant  change.  All  the  parts  of  the  hyoid 
remain  cartilaginous  except  the  appended  and  persistent  detachments  from 
the  visceial  system  of  the  branchial  arches:  these  long  ' hypobranchials* 
('comes  thyroldiennes'  of  Cuvier  and  Duges)  diverge  and  include  the  larynx 
in  their  fork.  The  relative  position,  connexions  and  office  in  subserviency 
Co  the  larynx,  to  which  tbe  retained  parts  of  the  splanchno-branchial  arches 
are  introduced  in  the  lowest  of  the  air-breathing  vertebrates,  are  preserved  in 
all  the  higher  classes.  The  *  hypobranchials'  are  as  constant  in  their  ex- 
istence, therefore,  as  the  upper  larynx  itself,  and  attach  themselves  more 
especially  to  the  thyroid  element  of  that  larynx.  We  recognise  them  by  this 
relation  in  birds  and  man  (40,  figs*  23  and  25)»  where  they  always  much  ex« 
ceed  the  parts  of  the  true  hyoid  arch  (cerato-  and  epi-hyab)  in  length ;  and 
in  birds,  where  these  elements  (40,  fig.  23)  are  sometimes  obsolete  and  always 
mdimental,  the  hypobranchials  have  been  mistaken  by  both  Cuvier  and 
Geoffroy*  for  the  ceratohyals  or  anterior  comua. 

For  the  modifications  and  special  homologies  of  the  complex  hyoid  appa* 
ratos  in  lizards,  I  refer  to  my  '  Lectures  on  the  Vertebrata.  The  crocodiles 
offer  a  well-marked  ordinal  difference  from  those  inferior  sauria  in  this  as 
in  most  other  parts  of  their  structure*  The  basihyal  and  thyrohyak  have 
coalesced  to  form  a  broad  cartilaginous  plate,  the  anterior  border  rising  like  a 
valve  to  close  the  fauces,  and  the  posterior  angles  extending  beyond  and  sus- 
taining the  thyroid  and  other  parts  of  the  larynx.  A  long  bony  '  ceratohyal' 
(fig.  22, 4s),  and  a  commonly  cartilaginous  '  epihyal'  (t6. 39),  are  suspended 
by  a  ligamentous  *  stylobyal*  to  the  paroccipital  process  ;  the  whole  arch 
having,  like  the  mandibular  one,  retrograded  from  the  connection  it  presents 
io  fishes. 

In  birds  as  in  chelonians,  the  ceratohyab  are  much  reduced,  and  the  chief 
'oomua'  of  the  hyoid  are  represented  by  the  hypo-  and  epi-branchials  (thy- 
rohyak),  which  here  attain  their  maximum  of  length  and  tenuity.  The  basi- 
hyal (fig.  23, 41),  as  in  Chefys,  is  long  and  slender,  but  is  always  a  simple 
piece ;  and,  as  in  lizards,  is  usually  most  expanded  posteriorly,  from  which 
expansion  the  thyrobyals  (4s)  are  sent  off.  Conforming  with  the  long  and 
dender  tongue  in  most  birds,  the  basihyal  extends  forwards,  and  is  articu- 
lated with  the  mdimental  ceratohyab  (40),  when  these  exist,  at  some  distance 
from  the  thyrohyals.  A  conmionly  long  and  slender,  sometimes  spatulate 
glossohval  (4s),  is  articulated  to  the  fore-part  of  the  basihyal ;  and  a  con- 
stantly long,  slender  and  pointed  urohyal  (43)  is  articulated  with  the  posterior 
end  of  the  basihyal,  and  extends  backwards  beneath  the  trachea.  The  thyro- 
hyals {4s)  diverge  and  include  the  larynx  in  their  fork ;  and  support  at  their 
extremities  a  bony  or  gristly  (cerato-branchial)  style  (47).  This  is  never 
attached  by  ligament  to  the  base  of  the  skull,  but  is  suspended  freely,  as  in 
the  chelonia,  by  the  glossohyoid  and  omohyoid  muscles ;  it,  however,  curves 
over  the  back  and  upper  part  of  the  cranium  in  the  woodpeckers,  and  the 
extremities  of  both  cerato-branchiols  are  inserted,  by  way  of  rare  exception 
in  that  bird,  into  the  right  nostril. 

*  Dogi^  appears  to  have  first  pointed  out  this  error,  but  without,  however,  perceiving  the 
tme  homology  of  his  *  comes  thyroidiens'  with  tbe  hypobranchials  of  fishes. 
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In  mammab  the  normal  completion  of  the  hjotdean  arch»  am  ii  first  ap- 
pears in  fisheis  is  again  resumed^  and  that  not  by  a  slender  cartiUgei  as  in 
the  frog»  but  by  a  chain  of  bones,  in  which  we  again  recognise  the  oerato- 
(fig.  24,  4o),  epi-  (so)  and  stylo-  (as)  hyals  suspending  the  bastfayal  {41)  and 
the  tongue  to  the  base  of  the  skull,  often  to  the  petrosal,  sometimes  to  the 
tympanic  or  to  the  mastoid,  or  to  the  exoccipital.  The  uognlates  aod  the 
true  camivora  best  display  this  type. 

In  man  (fie.  25)  the  ceratohyals  are  reduced,  as  in  birds,  to  mere  tuber* 
cles  of  bone  (40),  and  the  extent  of  the  arch  between  them  and  the  stylo- 
hyals,  which  become  anchylosed  to  the  temporal  bones,  retains  its  primitive 
ligamentous  condition.  Occasionally,  however,  ossification  extends  almig 
the  stylohyoid  ligament,  and  marks  out»  as  in  the  specimen  figured  by 
Geoffroy  St.  Hilaire  (Philosophic  Anatomique,  pi.  4,  fig.  87)9  the  more  nor^ 
mal  proportions  of  the  ceratohyal,  and  also  the  epihyal.  OUier  examples  of 
this  ^  monstrosity'  are  recorded  in  works  on  anthropotomy.  The  tfayro- 
hyal  (46) — the  last  remnant  of  the  branohial  arches — maintains  more  eon- 
itancy  in  its  existence  and  proportions ;  bot  naanifests  its  true  charaoter  of 
free  suspension  below  the  skull,  and  an  articulation  by  short  ligaments  to  the 
angles  or  horns  of  the  thyroid  cartilage. 

The  remarks  already  made  on  the  special  homologies  of  the  parts  of  the 
scapular  arch  and  its  appendages,  preclude  the  necessity  of  further  extending 
the  present  part  of  this  Report* 

Part  II. — General  Homology. 

On  taking  a  retrospect  of  the  results  of  the  researches  of  anatomists  into 
the  special  homologies  of  the  cranial  bones,  the  student  of  the  science,  ho^ 
little  soever  practised  in  such  inquiries^  cannot  but  be  struck  with  the  amount 
of  concordance  in  those  results.  It  must  surely  appear  a  most  remarkable 
circumstance  to  one  acquainted  only  with  the  osteology  of  the  human  frame, 
that  so  many  bones  should  be,  by  the  common  consent  of  comparatire  ana* 
tomists,  determinable  in  the  skull  of  every  animal  down  to  the  lowest  osseous 
fish.  This  fact  alone,  so  significant  of  the  unity  of  plan  pervading  the  rer- 
tebrate  structure,  has  afforded  me,  at  least,  a  large  ground  of  hope  and 
much  encouragement  to  perseverance  in  the  reconsideration  of  those  points 
on  which  a  difference  of  opinion  has  prevailed ;  and  in  the  re-investigation  of 
what  is  truly  constant  and  essential  in  characters  determinative  of  special 
homologies. 

In'  this,  as  in  every  other  inquiry  into  nature,  the  first  labours  are  neces- 
sarily more  or  less  tentative  and  approximative :  but  if  errors  have  to  be 
eliminated  in  the  course  of  successive  applications  of  fresh  minds  to  the 
task,  truths  become  confirmed  and  established.  And  I  regard  the  body  of 
such  truths  (see  Table  I.)  to  be  now  so  great,  in  respect  of  the  determination 
of  the  homologous  bones  in  the  heads  of  all  vertebrate  animals,  as  to  impe- 
ratively press  upon  the  thinking  mind  the  consideration  of  the  more  general 
condition  upon  which  the  existence  of  relations  of  special  homology  depends. 

Upon  this  point  the  anatomical  world  is  at  present  divided,  lacking  the 
required  demonstration.  The  majority  of  existing  authors  on  comparative 
anatomy  have  tacitly  abandoned*,  or  with  Cuvier  and  M.  Agassiz,  have 

*  Waokkb»  '  Lehrbuch  der  Zootomie/  8vo,  1843, 1844.  Sikbold  sad  Stakxivs,  '  Lchr- 
buch  der  Vergleichende  Anatomie/  Svo,  1845,  1846.  Milnb-Edwards,  *£laaieiia  de 
Zoologie/  8to,  1834.  Prof.  Rtmbb  Jonbs,  '  Outline  of  the  Animsl  Kingdom  and  Manual 
of  Gompsnthre  Aostomy/  Svo.  1841.  The  sentiueati  which  this  plcaang  and  inatractlte 
writer  expresses,  are  probably  akin  to  those  which  have  iailuenoed  the  abore^dted  sHlhoit 
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direetlj  opposed  tke  idea  of  *  specMl  homology '  being  include  in  a  higher 
law  of  nnifomiHj  of  type. 

Yet  the  attenqit  to  explain,  by  the  Cayieiian  principles,  the  facts  of  special 
homology  on  the  hypothesis  of  the  sobsenriency  of  the  parts  so  determined 
to  similar  ends  in  different  animals, — ^to  say  that  the  same  or  answerable  bones 
oeear  in  them  beoause  they  hare  to  perform  similar  functions— -involve  many 
difBcolties,  and  are  opposed  by  nnmerous  phssnomena.  We  may  admit  that 
the  multiplied  points  of  ossification  in  the  skull  of  the  hnman  fcetus  facilitate^ 
and  were  designed  to  facilitate,  childbirth ;  yet  something  more  than  such  a 
final  purpose  lies  beneath  the  fact,  that  most  of  those  osseous  centres  repre- 
sent permanently  distinct  bones  in  the  cold-blooded  vertebrates.  The  era* 
niam  of  the  bird,  which  is  composed  in  the  adult  of  a  single  bone,  is  ossified 
from  tim  same  number  of  points  as  in  the  human  embryo,  without  the  pes- 
nbilitj  of  a  similar  purpose  being  subserved  thereby,  in  the  extrication  of 
the  duck  from  the  fractured  egg«shelL  The  composite  structure  is  repeated 
in  the  minute  and  prematurely-born  embryo  of  the  marsupial  quadrupeds. 
Morecuver,  in  the  bird  and  marsupial,  as  in  the  human  subject,  the  different 
points  of  omification  have  the  same  relative  position  and  phui  of  arrange- 
ment as  in  the  skull  of  the  youog  crocodile,  in  which,  as  in  most  other  rep* 
tiles  and  in  most  fishes,  the  bones  so  commencing  maintain  throughout  life 
their  primitive  distinctness.  These  and  a  hundred  such  facts  force  upon  the 
equal  and  knowing  anatomist  the  inadequacy  of  the  teleological  hypothesis 
to  account  for  the  acknowledged  concordanoes  expressed  in  this  report  by 
the  term  *  special  homology/  If,  therefore,  the  attempt  to  exphiin  them  as 
the  results  of  a  similarity  of  the  functions  to  be  performed  by  such  homo-" 
logona  parts  entirely  fails  to  satisfy  the  conditions  of  the  problem ;  and  if, 
nevertheless,  we  are,  with  Cuvier,  to  reject  the  idea  of  their  being  mantfes- 
talioos  of  some  higher  law  of  organic  conformity  on  which  it  has  pleased 
the  divine  Architect  to  build  up  certain  of  his  diversified  living  works, 
there  then  remains  only  the  alternative  that  special  homologies  are  matters 
of  chance. 

This  conclusion,  I  apprehend,  will  be  entertained  by  no  reasonable  mind ; 
and  reverting,  therefore,  to  the  more  probable  hypothesis  of  the  dependence 
of  the  special  resemblances  upon  a  more  geneial  law  of  conformity,  we 
have  next  to  inquire,  what  is  the  vertebrate  archetype?  The  gifted  and 
deep-thinking  anatomist,  Oksn,  obtained  the  first  clew  to  this  discovery  by 

on  this  subject  "  It  \a  not  by  any  means  our  intention  to  engage  our  readers  in  discussing 
an  the  confficting  and,  sometimes,  visionary  opinions  entertained  by  different  authors  re- 
y&ft  to  the  exact  homology  of  the  individual  bones  forming  this  part  of  the  skeleton ;  and 
we  aball,  tlierelbre,  content  oondves  by  pladag  before  them,  divested  as  far  as  possible  of 
SBpedlooos  arpamentation,  Cuvier's  masterly  anidysis  of  the  labomv  of  the  principal  inquiries 
concerning  this  intricate  part  of  anatomv."— ^.  494.  A  later  English  author,  who  has  em« 
bodied  a  most  valuable  amount  of  careful  and  exact  osteological  observation  in  the  article 
"  Zoology"  of  the  '  Encyelopsedia  MetropoUtana'  (4 to,  1845),  seems  scarcely  to  regard  even 
the  determiiiation  of  special  homologiea  as  a  necessary  object  of  anatomical  research.  Thus, 
in  discusiing  the  differences  of  opinion  reapecting  the  ooracoid  (fig.  5, 48).  he  says,  "  Bakker's 
view,  howerery  if  it  be  abs<dutely  neoeisary  to  hunt  up  anslogina,  seems  more  correct.'^ — 
p.  302. 

This  reserve  is,  however,  perhaps  lesa  obstructive  to  the  philosophical  progresa  of  anatomy 
and  to  the  reqrasite  resumptioii  oi  original  inquiry  to  that  end,  than  the  mere  reproduction 
of  the  tra&acradental  vievrs  of  others  vrithout  criticism  or  attempt  to  explain  or  refute  the 
^ifcctions  to  anch  views  which  have  been  promulgated  by  so  great  anthorities  as  Cuvier  and 
Agasaii.  Tboa  Bojanns's  4«vertebral  ihemj  of  the  cramal  purt  of  the  skull  ia  adopted  by 
lL]>e  BklnviUe  (Oit^ographiet  4to);  whilst  Dr.  Grant  (Outlines  of  Comparative  Anatomy i 
SvOy  1836,  fb  63)  deems  the  composition  of  the  skull,  in  fishes,  to  correspond  neariy  with 
GcoifiMy'B  theory  of  thia  part  of  itkt  skeleton  being  composed  of  seven  veitebne,  each  con* 
sating  of  sbody  with  four  elements  above  and  four  elements  below. 
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the  idea  of  the  arrangement  of  the  cranial  bones  of  the  skull  into  s^ments, 
like  the  vertebrsB  of  the  trunk.     He  informs  us  that  walking  one  day  in  the 
Hartz  forest,  he  stumbled  upon  the  blanched  skull  of  a  deer,  picked  up  the 
partially  dislocated  bones,  and  contemplating  them  for  a  while,  the  truth 
flashed  across  his  mind/  and  he  exclaimed  **  It  is  a  vertebral  column  I  *"  Oken 
afterwards  tested  and  matured  thb  happy  inspiration  by  examining  the  skulls 
of  a  cetacean,  a  chelonian,  and  a  cod-fish  in  Dr.  Albers  s  museum  at  Bremen ; 
and  on  his  return  to  Jena  in  ISOTy  he  published  his  beautiful  generalization  in 
a  now  very  scarce  Introductory  Lecture,  or  *'  Programm  beim  Antritt  der  Pro- 
fessur,"  entitled  '  On  the  signification  of  the  bones  of  the  skuU't.    He  illus- 
trates his  views  by  reference  to  the  skull  of  a  ruminant*    *^  Take,"  he  says, 
*'  a  young  sheep's  skull,  separate  from  it  the  bones  of  the  orbit,  also  those 
cranial  bones  which  take  no  share  in  the  formation  of  the  *  basis  cranii,*  e.y. 
the  frontal,  parietal,  ethmoid  and  temporal,  and  there  will  remain  an  osaeous 
column  which  any  anatomist,  at  first  glance,  would  recognise  as  three  bodies 
of  a  kind  of  vertebrsB  with  transverse  processes  and  foramina.    Replace  the 
cranial  bones  with  the  exception  of  the  temporals,  for,  without  these,  the 
cavity  is  still  closed,  and  you  have  a  cranial  vertebral  column,  which  differs 
from  the  true  one  ('von  der  wahren')  only  by  its  more  expanded  neural 
canal  (Ruckenmarkshohle).  As  the  brain  is  a  more  voluminously  developed 
spinal  chord,  so  is  the  brain-case  a  more  voluminous  spinal  column.     As 
the  cranium  includes,  then,  three  vertebral  bodies,  so  must  it  have  as  many 
vertebral  arches.    These  are  next  to  be  sought  out  and  determined.     One 
sees  the  sphenoid  divided  into  two  vertebrae  ;  through  the  foremost  pass  the 
optic  nerves,  through  the  hindmost  the  maxillary  nerves  (par  irigenunum), 
I  call  one  the  *  eye- vertebra'  (Augwirbel),  the  other  the  'jaw-vertebra' 
(Kieferwirbel).    Upon  this  latter  abuts  the  basilar  process  of  the  occipital 
bone  and  the  petmus  bones :  both  belong  to  one  whole.    As  the  opUc  nerve 
perforates  the  '  eye- vertebra,'  and  the  trigeminus  the  'jaw- vertebra,'  so  the 
acoustic  nerve  takes  possession  of  the  hindmost  vertebra.    I  call  it,  there* 
fore,  'ear- vertebra' (Ohrwirbel) :  and  I  regard  this  as  the  first  cranial  ver- 
tebra ;  the  jaw- vertebra  as  the  second,  and  the  eye-vertebra  as  the  third." — 
ib.  p.  6. 

After  entering  upon  the  difficulties  which  beset  him  in  determining  whether 
the  petrosal  belonged  to  the  first  (Ohrwirbel)  or  the  second  (Kieferwirbel), 
and  enunciating  his  views  on  the  essential  relations  of  each  cranial  vertebra 
with  a  single  special  sense  (excluding,  however,  smell  and  taste,  as  being 
inferior  in  dignity  to  the  others),  Oken  proceeds,  in  his  characteristic  bold 
metaphorical  language : — "  Bones  are  the  earthy  hardened  nervous  system : 
Nerves  are  the  spiritual  soft  osseous  system — Continens  et  contentum." 

^  Between  the  sphenoid  and  occipital,  between  the  sphenoid  and  petrosal, 
between  the  parietal  (the  temporal  being  removed)  and  the  occipital,  thei  e 
runs  a  line  which  defines  the  anterior  boundary  of  the  first  vertebra.  In  the 
line  between  the  two  sphenoids,  or  that  which  in  man  extends  anterior  to 

*  <'  Im  August  1806  machte  ich  eine  Reiae  fiber  den  Hartz,"— *<  ich  rutachte  an  der  Sud- 
•eite  dnrch  den  Wald  herunter — ^und  tiehe  da ;  es  lag  der  schonste  gebleichte  Schadd  einer 
Hirtchkoh  vor  meinen  Fiissen.  Aufgehoben,  umgekehrt,  angesehen,  and  es  war  geschehen. 
Et  ut  tme  JVirbdaauk  \  fuhr  es  mir  wie  ein  Blitz  durch  Mark  nnd  Bem-^imd  seit  dieser 
Zeit  ist  der  Schadel  eine  Wiibels&nle."— Isis,  1818,  p.  511. 

t  Uber  die  Bedeutung  der  Schadelknochen,  4to,  1807.  I  am  indebted  to  my  friend 
Mr.  Tolk,  the  able  translator  of  '  Wagoner's  ComparatlTe  Anatomy/  for  the  opportunity  of 
pemsiiig  this  most  suggestive  and  original  essay,  which  docs  not  exist  in  either  the  Library 
of  the  British  Museum,  that  of  the  Ck>Uege  of  Surgeons,  or  that  of  the  Medico-Chinnrgical 
Society.  Mr.  Tulk  is  at  present  engaged  in  the  arduous  task  of  translating  the  **  LdirbQch 
der  Natur-philosophie  *'  of  Oken  for  the  *  Ray  Society.' 
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the  pterygoid  processes  laterally  and  upwards  through  the  fissnra  orfoUalis 
superior,  anterior  to  the  great  ala*  and  finally  between  the  frontal  and  the 
parietal  bones,  we  trace  another  linei  which  divides  the  second  from  the 
third  vertebra  **(»&.  p.  7). 

**  Now/*  says  Oken,  **  take  the  ear-vertebra  from  a  fcetus  of  any  "*ftmmal 
or  of  man,  place  near  it  an  immature  dorsal  vertebra,  or  the  third  cervical 
of  a  crocodile,  and  compare  the  pieces  of  which  they  consist,  thdr  fonn,  their 
contents,  and  the  outlets  for  the  nerves. 

**  According  to  Albinus  and  ail  anthropotomists,  each  vertebra  of  the 
fcetus  consists  of  three  distinct  parts — the  body  and  the  two  neurapophyses 
(bogentheile).  You  have  the  same  in  the  occipital  bone,  but  more  clearly 
and  more  distinctly :  the  *panr  basilaris'  is  separated  as  the  body  of  the  ver^ 
tebra  from  the  *  partes  condyloidesB,'  which  form  the  lateral  parts :  these 
are  atiU  more  distinct  from  the  'pars  occipitalis'  which  forms  the  spinous 
pnxsefls :  even  this  part  is  often  bifid,  like  the  spinous  processes  in  nmia 
bifida^' 

**  Since  then  the  foramen  magnum  is  the  hinder  or  lower  opening  of  a 
vertebral  canal,  the  condyles  true  oblique  vertebral  processes,  the  foramen 
lacerum  an  intervertebral  foremen,  and  the  crista  occipitalis  a  spinous  pro- 
cess, proved  to  be  such  by  both  its  position  and  the  muscles  inserted  into  it, 

»ince  lastly  the  whole  occipital  bone  in  relation  to  its  form  as  well  as  its 

function — ^inclosing  the  cerebellum  as  a  production  of  the  spinal  chord, ia 

a  true  and  in  every  sense  characteristic  vertebra,  it  is  unnecessary  to  dwell 
more  difllbsely  on  parts,  the  bare  mention  of  which  suflices  to  make  their 
nature  recognizable." — ib*  p.  7* 

This  will  serve  as  an  example  of  the  close  observation  of  facts,  the  philo- 
sophical appreciation  of  their  relations  and  analogies,  and,  in  a  word,  of  the 
spirit  in  which  Oken  determines  the  vertebral  relations  of  the  cranial  bones 
of  the  skull :  and  I  refer  to  Table  II.  for  his  conclusions  as  to  the  parts  of 
the  second  and  third  cranial  vertebra. 

Rererting  to  the  petrosal,  Oken  thus  beautifully  and  cleaiiy  enunciates 
its  essential  nature  and  homology : — '*  You  will  say  I  have  forgotten  the 
*  pars  petrosa.'  No !  It  seems  not  to  belong  to  a  vertebra,  as  such ;  but  to 
be  a  'sense-organ'  (Sinnorgan),  in  which  the  vertebral-  or  ear-nerve  loses 
itself;  and,  therefore,  is  as  distinct  an  organ  from  a  vertebral  element  as  is 
any  other  viscus  (Eingeweide),  or  as  is  the  eyeball  itself.  The  (cause  of) 
delusion  (as  to  the  homology  of  the  petrosal)  lies  in  this,  viz.  that  it  must  be 
ossified  agreeably  with  its  nature  (wesen),ju8t  as  the  eye  must  be  crystallized." 

Although  Oken  does  not  in  this  essay  formally  admit  a  fourth  vertebra 
anterior  to  the  *  eye-vertebra,'  he  recognises  the  vertebral  structure  as  being 
carried  out  rudimentally  or  evanescenUy,  by  the  vomer,  as  the  prolongation 
of  the  cranio-vertebral  bodies,  by  the  lacrymal  bones,  as  their  neurapo- 
physes, and  by  the  nasal  bones,  as  the  spinous  process.  His  ideas  of  a 
vertebra  have  evidently  at  this  period  not  extended  beyond  the  ordinary 
anthropotomical  one  of  centrum  and  neural  arch  with  its  transverse,  oblique, 
and  spinous  processes.  When  he  indicates  (beautifully  and  truly)  the  general 
homol<^^  of  the  palatine  bones,  as  pleurapophyses,  under  the  name  of  an- 
chylosed  or  immoveable  ribs  of  the  head,  it  has  reference  to  the  transcen- 
dental idea  of  the  repetition  in  the  head  of  all  the  parts  of  the  body.  Thus 
the  squamosal  in  mammals  and  the  tympanic  in  birds  represent  the  *  scapula' 
of  the  head,  and  at  the  same  time,  also,  the  ilium.  The  homologue  of  the 
squamosal  (fig.  21,  tt)in  the  bird  is  the  *  humerus  capitis':  the  malar  (is) 
and  the  maxilUry  (ii)  are  the  *  oberarm'  (radius  and  ulna  capitis)  :  the  pre- 
maxillary  (t%)  is  the  *  manus  capitis.'    The  segments  of  the  hind  limb  are 
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represented  by  divisions  of  the  compound  lower  jaw  in  the  crocodile  and 
embryo  bird  (see  Tablb,  No.  III.)«  The  pterygoids  (m),  the  essential  di- 
stinction of  which  from  the  sphenoid  Oken  clearly  recognises,  are  his  *  davi- 
culse  capitis.'  Oken  hints  at,  without  accepting,  the  (serial)  homology  of 
the  hyoid  ardi  with  the  pelvis ;  but  he  r^ardb  the  siylohyal  (ss)  as  the 
*  sacrum  capitis'  (f6.  p.  16;. 

The  year  after  the  publication  of  Oken's  famous  '  Introductory  Lecture,' 
Prof.  Dum6ril,  apparently  unacquainted  with  its  existence,  communicated 
to  the  French  Institute  a  memoir  entitled  *  Considerations  g6n6rales  sur 
Tanalogie  qui  existe  entre  tons  les  os  et  les  musdes  du  tronc  dans  les  ani- 
maux,'  the  second  paragraph  of  which  is  headed  ^*  De  la  tete  consid6r6e 
comme  une  vertdbre,  de  ses  muscles  et  de  ses  mouvements."  In  this  para- 
graph, repeating  the  homological  correspondences,  demonstrated  by  Oken, 
between  the  basioccipital  as  a  vertebral  centrum,  the  condyles  as  *  oblii|ue 
processes,'  and  the  occipital  protuberance  as  a  spinous  process,  he  adds>  that 
the  mastoid  processes  are  entirely  confprmable  to  transverse  processes.  And 
M.  Dum6ril  has,  I  believe,  here  the  merit  of  having  first  enunciated  the 
general  homology  of  the  mastoids,  although  he  does  not  aim  at  showing  to 
-which  vertebral  segment  of  the  skull  they  properly  belong.  Nor,  indeed, 
with  the  exception  of  an  observation  that  *^  very  often  the  body  of  the  sphe- 
noid, like  the  'apophyse  basilaire'  of  the  occiput,  resembles  the  body  of  a 
vertebra,"  does  he  push  the  transcendental  comparisons  further.  Geoffroy 
St.  Hilaire  tells  us*,  that  even  the  moderate  and  very  obvious  illustrations 
of  the  general  homologies  of  the  cranial  bones,  which  M.  Dum6ril  deduced 
from  the  anatomy  of  the  occiput,  excited  an  unfavourable  sensation  in  the 
bosom  of  the  *  Academic;'  and  that  the  phrase  *  vertebre  pensante,'  which  a 
facetious  member  proposed  as  an  equivalent  for  the  word  *  skull,'  and  which 
circulated,  not  without  some  risibility,  along  the  benches  of  the  learned 
during  the  reading  of  the  memoir,  reaching  the  ears  of  the  ingenious  author, 
the  dread  of  ridicule  checked  his  further  prepress  in  the  path  to  the  higher 
generalizations  of  his  science,  and  even  induced  him  to  modify  considerably 
many  of  the  (doubtless  happy)  original  expressions  and  statements  in  the 
printed  report  so  as  to  adapt  it  more  to  the  conventional  anatomical  ideas 
of  his  colleagues. 

As  the  truth  of  Oken's  generalization  began  to  be  appreciated,  it  was  remem- 
bered, as  is  usually  the  case,  that  something  like  it  had  occurred  before  to 
others.  Autenrieth  and  Jean-Pierre  Frank  had  alluded,  in  a  general  way,  to 
the  analogy  between  the  skull  and  the  vertebral  column :  Ulrich,  reproducing, 
formally,  Oken's  more  matured  opinions  on  the  cranial  vertebrae,  says, 
**  Kielmeyerum  prsBceptorem  pie  venerandum  quamvis  vertebram  tanquam 
caput  integrum  considerari  posse  in  scholis  anatomicis  docentem  audivi," 
And  the  essential  idea  was  doubtless  present  to  Kielmeyer's  mind,  though 
he  reversed  M.  Dum^ril's  proposition,  and,  instead  of  calling  the  skull  a  ver- 
tebra, he  said  each  vertebra  might  be  called  a  skull.  But  these  antidpations 
detract  nothing  from  the  merit  of  the  first  definite  proposition  of  the  theory. 
It  would  rather  be  an  argument  against  its  truth,  if  some  approximative  idea 
had  not  suggested  itself  to  other  observers  of  nature,  who  only  lost  the  merit 
of  developing  it,  from  not  appreciating  its  full  importance.  He,  however, 
becomes  the  true  discoverer  who  establishes  the  truth :  and  the  sign  of  the 
proof  is  the  general  acceptance.  Whoever,  therefore,  resumes  the  investiga- 
tion of  a  neglected  or  repudiated  doctrine,  elicits  its  true  demonstrations, 
and  discovers  and  explains  the  nature  of  the  errors  that  have  led  to  its  tacit 

*  AnnBles  dei  Sciences  Naturellet,  t.  iii.  1824,  p.  177.. 
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or  dedaied  rejection,  may  calmly  and  confidently  await  the  acknowledgments 
of  hia  rights  in  the  disoorery. 

It  has  been  uafbrtanate  for  Oken,  that,  with  one  exception— 4he  gifted 
Bcjanufl — his  successors  in  the  development  of  the  vertebral  theory  of  the 
skull  have  hitherto  exaggerated  rather  than  retrenched  the  errors  of  their 
guide.  Spix*  lends  aq  almost  servile  aid  to  Oken  in  endowing  the  artist's 
symbol  of  the  chemb  with  all  that  it  seems  most  to  want,  a  thorax,  abdomen 
sjid  pelvis,  arms,  l^s,  hands  and  feet.  He  adopts  Oken*s  original  number 
and  ccHuposition  of  the  cranial  vertebrae,  and  gives  them  new  names,  which 
bang  dissociated  from  Oken*s  peculiar  idea  of  the  essential  subserviency  of 
the  cranial  segments  to  certain  oi^^s  of  sense,  are  likely  to  be  retained. 

Bojanust  seems  first  to  have  determined  the  true  elements  of  the  neural 
arch  of  the  nasal  vertebra ;  and  was  as  happy  in  perceiving  the  pleurapo* 
physial  relations  of  the  tympanic  pedicle,  as  Oken  had  been  in  reference  to 
the  palatine  bone.  He  was  less  accurate  in  his  idea  of  the  vertebra  to  which 
it  bc^Dged.  The  analysis  of  Bojanos'  craniovertebral  system  given  in  Table 
111.  precludes  the  necessity  of  dwelling  upon  it  in  the  brief  historical  sketch 
here  attempted. 

The  modifications  of  his  original  idea  which  Oken  has  introduced  into  his 
edition  of  the  *  Natur-philoaophie '  ol  1843,  bring  it  into  close  accordance  with 
that  of  Bojanus,  excepting  that  Oken  conceives  the  cranial  nenrapopbyses  to 
answer  also  to  ribs : — *^  An  den  Seitep  eines  jeden  Korpers  liegen  Flugel* 
fortaatze,  welche  den  Querfortsataen  der  Halswirbel  oder  den  Rippen  ent^ 
ftprechen:  'die  Gelenkkopfe  des  Hinterhauptsbeins '  ^exoccipitals),  'die 
grossen '  (all-)  '  und  kleinen  Flugel '  ( orbito-sphenoids),  '  und  die  beiden 
Seiten  des  Siebbeins '  (prefrontals),"  p.  304.  With  regard  to  the  facial  bones 
of  the  skull,  Oken  still  iacludes  the  explanation  of  their  general  homology  in 
his  original  idea,  that  **  the  head  is  (a  repetition  of  )  the  whole  trunk  with  aH 
its  systems.  •  • .  •  The  encephalon  is  the  myelon  (riickenmark);  the  cranium, 
the  vertebral  oohimn ;  the  mouth  is  intestine  and  abdomen  ;  the  nose,  lungs 
and  thorax ;  and  the  jaws,  limbs  (glieder).** — Op.  ciL  p.  300.  An  idea  which 
vitiated  his  original  essay,  and  which  has  had  the  effect  of  obscuring  a  great 
truth  in  nature  in  the  smoke  of  a  sacrifice  to  a  false  system. 

This  seems  the  place  to  notice  a  virtual  testimony  to  the  general  accuracy 
of  the  Okenian  cranial  system,  published  in  1816  by  the  present  eminent 
osteologist  who  holds  the  chair  of  Comparative  Anatomy  in  the  '  Jardin  des 
Flantes.'  In  a  note  to  his  '  Prodrome  d  nne  Nouvelle  Distribution  Syst^m»- 
tiqne  dn  R^ne  Animal,'  published  in  the  *  Bulletin  des  Sciences  par  la  So- 
ciete  Philomathique,'  1816,  p.  105,  M.  de  Blatnville  says,  **  J'essayerai  de 
mciitrer(  I )  que  la  t^te  dans  ks  animaux  vert6br^  est  compos4e,  1^  d'une  suite 
d'articulations  ou  de  vert^bres  soud6es,  chacune  d^velopp^e  proportlonnelle- 
ment  au  syst^me  nerveux  particulier  qu'ette  renferme,  comme  dans  le  reste 
de  la  colonne  vert6brale ;  2®,  d'antant  d'appendices  paires  qu'il  y  a  de  ces 
faosses  vert^bres,  et  pouvant  avoir  des  usages  diff§rens "  (p.  108).  M.  de 
Blainville  does  not  (like  Bcjanus)  expressly  mention  the  general  homology 
of  any  of  these  appendages  to  the  ribs,  or  parial  appendages  of  the  true  ver- 
tebrae ;  but  he  leaves  it  to  be  so  understood  by  his  subsequent  enumeration 
and  classification  of  the  '  appendices  paires  on  symm^riques,*  which  he  de- 
scribes as  being  always  in  relation  with  a  vertebra  or  median  piece.  He 
says,  eg.  ^^  lis  peuvent  ^tre  divises  en  simples  ou  en  compos^  ou  peut-^tre 
d^aprds  leurs  usages.  Les  appendices  simples  sont  les  cdtes.  Les  appendices 
compoe6s  sont  les  membres,  les  m&choires,  les  appareils  des  organes  de§ 

*  CephalogenesiSy  fol.  1815. 

t  Isis,  1818,  and  '  Parergon'  in  the  *  Anatome  Testudinis  Europaee/  foL  1821. 
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sens,  le  stylolde,  les  branches  de  rhjolde,  qui  sont  ordinairement  formes  d*an 
plus  ou  moins  grand  nombre  de  pieces  plac^es  bout  k  bout  Quelquefois 
ces  appendices  sont  libres  a  leur  extr6mit6,  d'autres  fois  ils  se  r6aoIssent 
dans  la  liene  m6diane  infirieure  en  entr'elles,  ou  au  moyen  d'une  pidee  m6- 
diane,  quon  peut  compar6e,  iusqu*ji  un  certain  point,  an  corps  des  ver- 
tdbres;  d*ou  il  r^ulte  ce  quon  nomme  ^sternum,'  dans  les  mamnniferea, 
appareii  branchial  des  poissons,  hyoTde,  sternum  des  oiseanz,**  etc  fib.  1817> 
p.  110).  Reserving  the  consideration  of  some  of  these  propositions  for  a 
subsequent  part  of  the  present  Report,  I  shall  only  notice,  en  passant^  the 
complete  concordance  between  these  views  of  the  general  homology  of  the 
locomotive  members  with  those  which  Oken  expresses  with  his  usual  apho- 
ristic brevi^ :— "  Freye  Bewegungsorgane  konnen  nichts  anderes  als  frej 
gewordene  Kippen  seyn." 

Cuvier  includes  amongst  the  general  characters  of  the  class  Mammalia  the 
arrangement  of  their  cranial  bones  into  three  annular  segments,  correspondiDg 
essentially  with  those  of  which  Oken  had  demonstrated  the  vertebral  relations. 
'*  Leur  cr&ne  se  subdivise  comme  en  trois  ceintures  form^es ;  Tant^rieure, 
par  les  deux  frontaux  et  Vethmoide ;  Tinterm^aire,  par  les  pari6taax  et  le 
sph^nolde ;  la  post^rieure,  par  Tocoipital :  entre  I'occipital  les  pariteux  et 
le  sph^noide,  sont  intercal^  les  temporaux,  dont  une  partie  appartient  propre- 
ment  k  la  face*.** 

What  M.  de  Blainville  (1816)  pledges  his  efforts  to  demonstrate,  Oken 
(Isis,  1817)  was  exulting  in  the  reception  of,  *  not  only  in  Germany  but  all 
Europe/  "  Seit  Erscheinung  dieser  Schrift  und  nun  10  Jahre  vernossen. — 
Man  sprieht  nun  von  Kopfwirbeln,  Kopfarmen  und  Fiissen,  von  Bedeutung 
der  einzelnen  Skeletknochen  wie  von  einer  uralten  Sache ;  die  schon  in  der 
Bibel  und  den  Propheten  gestanden,"  p.  1204>.  The  chief  differences,  as 
compared  with  Oken's  definition,  are,  that  Cuvier,  finding  the  frontal  arch 
to  rest  upon  both  ethmoid  and  presphenoid,  assigns  to  the  former  bone  the 
completion  of  the  anterior  cranial  cincture  below ;  and  completes,  in  like 
manner,  the  parietal  cincture  by  the  sphenoid  in  its  anthropotomical  sense, 
making  no  distinction  between  the  anterior  and  the  posterior  divisions  of  the 
bone.  Cuvier  does  not  apply  this  principle  of  arrangement  of  the  cranial 
bones  to  the  skull  of  the  lower  classes  of  vertebrata  (in  which,  nevertheless, 
it  is  more  dearly  manifested  than  in  mammals) :  in  generalising  on  the  con- 
stitution of  the  vertebrate  skull,  he  classifies  the  bones,  after  the  anthropoto- 
mists,  into  ^  those  of  the  cranium  which  encompass  the  brain,  and  those  of 
the  face,  which  consist  of  the  two  jaws  and  the  receptacles  of  the  organs  of 
8ense.*t  With  regard  to  the  skull  of  fishes,  in  which  Bojanus  had  found  so 
clear  an  illustration  and  confirmation  of  the  Okenian  views,  Cuvier  merely 
says,  it  is  almost  always  divisible  into  the  same  number  of  bones  as  that 
of  other  ovipara.  The  frontal  is  composed  of  six  pieces ;  the  parietal  of 
three ;  the  occipital  of  five ;  Ave  of  the  pieces  of  the  sphenoid  and  two  of  each 
of  the  temporals  remain  in  the  composition  of  the  cranium^. 

In  his  great  works  the  ^  Histoire  des  Poissons '  and  the  '  Lemons  d'Ana- 
tomie  Comparle,'  posthumous  edition,  he  expresses  more  decidedly  his  ob- 
jections to  the  views  of  the  segpnental  or  vertebral  structure  of  the  skulL 

Gothe,  in  a  small  fasciculuswof '  Essays  of  Comparative  Anatomy,'  which 
he  published  in  the  year  182Q,  entitles  the  8th,  **  Can  the  bones  of  the  skoU 

*  lUgne  Animal,  8vo,  1817,  t.  L  p.  62. 

t  **  La  t^  at  fyrmit  da  crine,  qui  renfienne  le  oerveau,  et  de  U  hot,  qm  wt  compose 
dM  deux  mftchoires  et  dee  reoeptsdes  des  oi]gtDes  des  sent."— R^ne  Animal,  i.  ed.  1817i 
p.  62 ;  ed.  1829,  p.  &2. 

$  t  c.  iL  (1817),  p.  107 ;  (1829),  p.  125. 
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be  deduced  ftom  those  of  tbe  vertebral  column,  aod  thence  receive  an  ex* 
pUnalioii  of  th^  forms  and  functions  ?  "  He  states  that  the  idea  of  the 
three  facial  vertebrae  occurred  to  him  in  the  year  1790,  prior  to  which  time 
he  says  **  die  drei  hintersten  erkennt  ich  bald.  The  idea  is  developed  in  his 
esiay'aa  follows: — ^*  The  skull  of  mammalia  is  coinposed  of  six  vertebre; 
three  for  the  hinder  division  inclosing  the  cerebral  treasure ;  three  composing 
die  fore  part  which  opens  in  presence  of  the  exterior  world,  which  it  seizes 
and  introduces. 

**  The  first  three  vertebne  are  admitted  (he  alludes  to  Oken  and  Spix) : 
they  are, — 
^  The  occipitaL 
^  The  posterior  sphenoid* 
**  The  anterior  sphenoid. 

**  The  three  others  are  not  yet  admitted ;  they  are, — 
**  The  palatine  bone. 
**  The  upper  maxillary. 
**  The  intermaxillary. 

**  If  some  of  the  eminent  men  who  ardently  cultivate  this  subject  should 
fe^  iaterested  by  this  simple  enunciation  of  the  problem,  and  would  illus- 
trate it  by  some  figures  indicating  by  signs  and  ciphers  the  mutual  relations 
and  secret  aflinities  of  the  bones,  its  publication  would  strongly  draw  the 
thinking  mind  in  that  direction,  and  we  may,  perhaps,  one  day,  ourselves 
give  some  notes  on  the  mode  of  considering  and  treating  these  questions." 

Professor  Cams  of  Dresden  has  best  responded  to  this  appeal  of  his  im« 
mortal  countryman  :  but  it  must  be  admitted  that  tbe  detailed  and  complex 
exposition  of  the  theory  of  the  six  vertebne  and  intervertebral,  of  which  the 
general  results  are  given  in  Table  III.,  have  yielded  to  anatomical  science  a 
result  which  is  hardly  equivalent  to  the  zeal  and  pains  manifested  in  the  at- 
tempt, or  to  tbe  artistic  merit  of  the  illustrations,  published  by  the  accom- 
plished author  of  the  '  Urtheilen  des  Knochen  und  Schalengeriistes '  (foL 
1828). 

Geoffroy  St  Hilaire  deems  the  skeleton  of  the  head  to  be  composed  of 
seven  vertebrae ;  and  he  has  the  merit  of  having  more  steadily  sought  the 
homologies  of  the  inferior  arches  of  the  cranial  vertebrae  than  his  predeces- 
sors, who  seem  not  to  have  sufficiently  appreciated  the  essential  character  of 
these  portions  of  the  primary  segmenu  of  tbe  vertebrate  endo- skeleton. 
Nevertheless  it  must  be  admitted  that  Cuvier  has  made  good  the  grounds  of 
his  rejection  of  Geoffrey's  theory,  as  one  based  less  on  observation  than  on 
purely  a  priori  views,  according  to  which  the  bones  of  the  skull,  real  or 
imaginary,  are  arranged  into  seven  vertebrae,  composed  of  nine  pieces  each  K 
The  cranio-vertebral  system  of  Geoffroy  is  liable  to  the  further  objection, 
that  he  has  combined,  as  in  the  case  of  his  typical  vertebra  from  the  tail  of 
the  flounder,  parts  of  the  exo-skeleton  (a.  g.  the  suborbitals)  with  parts  of 
the  endo-skeleton  to  which  alone  the  vertebral  theory  is  applicable. 

In  the  fasciculi  of  the  magnificent '  Ost6ographie '  with  which  Professor  de 
Blainville  has  enriched  his  science,  the  descriptions  follow  the  plan  of  the 
classification  of  the  bones  of  the  skeleton  propounded  in  the  above-cited  Me- 
moirs in  the  '  Bulletin  des  Sciences '  for  1816  and  181  ?•  In  the  Prospectus  of 
the  *  Ost^ographie',  M.  de  Blainville  briefly  refers  to  the  great  questions  of 
comparative  anatomy,  which  the  German  oreanologists  have  comprehended 
under  the  name  of  '  Signification  of  the  SheleUm^*  in  allusion  only  to  the 
**  gross  errors  and  opinions  almost  extravagant,  of  some  of  the  persons  who 
have  occupied  themselves  with  these  questions :"  whilst  he  reprobates,  on  the 

*  Cuvier,  Hittoire  des  Poiisons,  4to,  t.  i.  p.  230. 
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other  hand,  in  equally  general  terms, "  those  who  have  been  unable  to  elevate 
themselves  to  these  kind  of  questions,  partly  on  account  of  tbe  nature  of  their 
minds,  partly  from  the  want  of  proper  and  sufficient  subjects  of  ooDtemnla- 
tion*."  ^ 

Neither  the  first  step,  the  most  difficult  of  all,  nor  any  of  the  sueoeedin? 

steps  in  the  acquisition  of  such  views  of  the  « Signification  of  the  Skeleton' 

as  M.  de  Blainville  adopts  are  noticed  :  no  objection  to  the  vertebial  system 

of  the  skull  is  answered:  no  error  that  may  have  opposed  itself  toareoeptioa 

of  the  doctrine  is  expUined  or  refuted :  of  the  particular  labours  and  dis- 

coveries  of  individual  homologists  the  author  of  the  *  Ost^graphte'  is  silent 

He  defines  a  vertebra,  in  the  language  of  anthropotomy,  as  a  single  bone  :— 

«  Une  vert^bre,  consid^r^  d'une  maniere  g6n6rale,  et  par  oons^uent  dans 

son  6tat  complet,  est  un  os  court,  median,  symm6trique,  formant  un  corn? 

partie  principale  de  la  vertdbre,  aux  deux  faces  oppos^  de  laquelle,  exterae 

on  dorsale,  interne  ou  ventrale,  s'applique  un  arc  plus  ou  moins  d^veloppe 

d'ou  r^jultent  deux  canaux,  Tun  au  dos,  I'autre  au  ventre."    (4b.  fasc  i.  p  6  ) 

We  discern  the  influence  of  the  ideas  of  his  ingenious  contemporary,  Geoffrov 

St  Hilaire,  in  the  admission  of  the  ventral  or  inferior,  as  well  as  die  dorsal  or 

superior  arch ;  and,  like  Geoffrey,  he  recognises  the  physiological  relation 

of  the  upper  arch  to  the  protection  of  the  nervous  system,  and  that  of  the 

lower  arch  to  the  protection  of  the  vascular  system  :  but,  overlookinsr  or  re- 

jecting  the  idea  of  the  relation  of  the  ribs  as  the  inferior  protecting  an^es  of 

the  expanded  central  organ  of  the  vascular  system,  he  considers  the  ventral 

(fasemal)  arches  as  arriving  at  their  maximum  of  development  in  the  tail.  The 

dorsal  and  thoracic  vertebrae  are,  accordingly,  characterized  as  those  which  are 

provided  with  oostiform  appendages  diversely  articulated  to  them ;  over- 

looking,  I  may  remark,  the  costal  appendages  of  the  cervical  vertebrce  in  the 

saurians  and  those  which  become  anchylosed  to  the  cervical  vertebrse  in 

birds,  as  do,  frequently,  their  serial  homologues  to  the  dorsal  vertebne  in  the 

same  class.    M.  de  Blainville  seems,  also,  wholly  ignorant  of  the  fact  that  the 

bent-forward  ends  of  the  long  transverse  processes  of  the  lumbar  vertebne  of 

the  bares,  cavies,  and  many  other  rodents,  are  primarily  develm)^  as  distinct 

4)0Stal  rudiments :  the  same  rudiments  of  lumbar  ribs  are  found  in  the  fcetus 

of  the  hog,  and  in  the  first  lumbar  vertebra  of  many  mammals  f.   «•  Les  lorn 

baires,"  says  M.  de  Blainville, "  n'ont  plus  de  cdtes,  m^me  inoompldtes.'* 

The  ribs  not  being  regarded  as  essentially  parts  of  the  inferior  or  haemal 
arches  of  vertebrsB,  the  sternal  bones  which  complete  these  greatlv  expanded 
arches  are  accordingly  regarded  as  a  distinct  series  of  bones,  "and^led 
•  sternebew,  M.  de  Blainville,  as  we  have  seen,  had  before  (1817)  compared 
them  to  vertebral  bodies.  In  the  '  Ost^ographie,'  however,  he  rightly  reiards 
the  body  of  thehyoid  as  their  serial  homologue,  but  does  not  extend  bis  bom- 
parisoa  to  the  bones  that  in  like  manner  complete  the  mandibular  and  max- 
illary  arches.  These,  with  the  comua  of  the  hyoid,  and  the  sternal  and  verte- 
bral  ribs,  he  classes  with  the  bones  of  the  extremities,  under  the  name  of 
appendages  (appendices),  adopting,  in  his  larger  work,  as  in  his  original  essav 
easentaally  the  idea  of  Oken,  that  the  locomotive  membere  are  liberated  ribs 

After  much  additional  research  and  comparison  since  the  first  publication 
of  my  ideas  of  the  constitution  of  the  typical  vertebra  or  primary  segment 
of  the  endo-skeleton},  I  have  found  no  reason  for  modifying  them,  but  have 
derived  additional  evidence  of  their  accuracy ;  and  I  therefore  reproduce  the 
diagrammatic  figure  with  which  they  were  originally  Ulustiated  (fig.  14). 

*  Ost^ograpWe.  Prospectus,  April,  1839,  p.  6. 
t  Thirle,  in  MttUer's  Arohiylor  Physiologie,  1839,  p.  106. 
t  Geological  IVanBactiona,  4to,  1838,  p.  618. 
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Although  my  investigations  of  the  fandamental  type  of  the  vertebrste 
skeleton  were  first  made  upon  the  class  of  fishes,  where  vegetative  uniformity 
or  irrelative  repetition  most  prevails,  and  where,  therefore,  the  type  is  least 
obscured  by  the  modification  of  one  part  in  mutual  subserviency  with  an- 
other, I  soon  found  that  I  should  be  led  astray  by  confining  my  observations 
to  fishes,  and  by  borrowing  my  illustrations  from  that  class*  Comparison 
of  the  piscine  skeleton  with  those  of  the  higher  animak  demonstrates  that 
the  iMUnral  arrangement  of  the  parts  of  the  endoskeleton  is  in  a  series  of 
segments  succeeding  each  other  in  the  axis  of  the  body.  These  segments  are 
not,  indeed,  composed  of  the  same  number  of  bones  in  any  class  or  throughout 
any  individual  animaL  But  certain  parts  of  each  segment  do  maintain  such 
constaoey  in  their  existence,  relation,  position,  and  offices,  as  to  enforce  the 
conviction  that  they  are  homologous  po^  both  in  the  constituent  series  of  the 
ssme  individual  skeleton,  and  throughout  the  series  of  vertebrate  animals. 
For  each  of  these  primary  segments  of  the  skeleton  I  retain  the  term  *  verte- 
bra*; bat  with  as  little  reference  to  its  primarv  signification,  as  a  part 
specially  adapted  for  rotatory  motion,  as  when  the  comparative  anatomist 
speaks  of  a  sacral  vertebra.  The  word  may,  however,  seem  to  the  anthro- 
potomist  to  be  used  in  a  difi^erent  or  more  extended  sense  than  that  in  which 
it  is  usoally  understood ;  yet  he  is  himself,  unconsciously  perhaps,  in  the 
habit  of  including  in  certain  vertebne  of  the  human  body,  elements  which  he 
excludes  from  the  idea  in  other  natural  segments  of  the  same  kind,  influenced 
by  differences  of  proportion  and  coalescence,  which  are  the  most  variable 
charactera  of  a  bone.  Thus  the  rib  of  a  cervical  vertebra  is  the  '  processus 
transversos  perforatus,'  or  the  *  radix  anticus  processus  transversi  vertebne 
enX^ '  *:  whilst  in  the  chest,  it  is  *  costa,'  or  *  pars  ossea  costae.'  But  Uie  ulna 
is  still  an  ulna  in  the  horse,  although  it  be  small  and  anchylosed  to  the  radius. 

The  osteology  of  man,  therefore,  cannot  be  fully  or  rightly  understood 
until  the  type  of  which  it  is  a  modification  is  known,  and  the  first  step  to 
this  knowledge  is  the  determination  of  the  vertebral  segments,  or  natural 
groups  of  bones,  of  which  the  myelencephaious  skeleton  consists. 

I  define  a  vertebra,  as  one  of  those  eegmeniU  of  the  endo^sheUton  which  eon* 
ttkuie  the  axis  of  the  body^  and  the  protecting  canals  of  the  nervous  and 
raseular  trunks :  such  a  segment  may  also  support  diverging  appendages. 
Exclusive  of  these,  it  consists,  in  its  typical  completeness,  of  the  following 
elements  and  parts : — 

Fig.  14. 


gpgapophp$i$. 


,  Bcunl  ipiiie. 


nettn^wphjvu. 


1846. 


pleurapophyaU. 

panpophjBft. 

***  fasmmpophysii* 

iMemal  spine. 
Ideal  typical  vertebra. 
*  Soemmerring,  De  Corporis  Humani  Fabricfi,  1794,  i.  p.  239. 
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The  names  printed  in  roman  type  signify  those  parts  which,  being  usually 
developed  from  distinct  and  independent  centres,  I  have  termed  '  autoge- 
nous' elements.  The  italics  denote  the  parts,  more  properly  called  pro- 
eessei^  which  shoot  out  as  continuations  from  some  of  the  preceding  elements, 
and  are  termed  'exogenous':  e.g.  the  diapophyses  or  upper  *  transverse 
processes,'  and  the  zygapophyses,  or  the  *  oblique '  or  '  articular  processes '  of 
human  anatomy. 

The  autogenous  processes  generally  circumscribe  holes  about  the  centrum, 
which,  iu  the  chain  of  vertebree,  form  canals.  The  most  constant  and  exten- 
sive canal  is  that  (fig.  14«,  n)  formed  above  the  centrum,  for  the  lodgment  of 
the  trunk  of  the  nervous  system  (neural  axis)  by  the  parts  thence  termed 
*  neurapophyses.'  The  second  canal  (fig.  14,  A),  below  the  centrum,  is  in 
its  entire  extent  more  irregular  and  interrupted ;  it  lodges  the  central  organ 
and  large  trunks  of  the  vascular  system  (haemal  axis),  and  is  usually  formed 
by  the  laminae,  thence  termed  '  haemapophyses.'  At  the  sides  of  the  cen- 
trum, most  commonly  in  the  cervical  region,  a  canal  is  circumscribed  by  the 
pleurapophysis  or  costal  process,  by  the  parapophysis,  or  lower  transverse 
process,  and  by  the  diapophysis,  or  upper  transverse  process,  which  canal 
includes  a  vessel,  and  often  also  a  nerve. 

Thus  a  typical  or  perfect  vertebra,  with  all  its  elements,  presents  four 
eanab  or  perforations  about  a  common  centre ;  such  a  vertebra  we  find  in 
the  thorax  of  man  and  most  of  the  higher  classes  of  vertebrates,  also  in 
the  neck  of  many  birds.  In  the  tails  of  most  reptiles  and  mammals,  the 
haemapophyses  (as  in  fig.  14)  are  articulated  or  anchylosed  to  the  under 
part  of  the  centrum  ;  space  being  needed  there  only  for  the  caudal 
artery  and  vein.  But  where  the  central  organ  of  circulation  is  to  be 
lodged,  an  expansion  of  the  haemal  arch  takes  place,  analogous  to  that  which 


the  neural  arches  of  the  cranial  verte- 
brm  present  for  the  lodgment  of  the 
brain.  Accordingly  in  the  thorax,  the 
pleurapophyses  (fig.  15,/»/)  are  much 
elongated,  and  the  haemapophyses  (fig. 
15,  A)  are  removed  from  the  centrum, 
and  are  articulated  to  the  distal  ends 
of  the  pleurapophyses ;  the  bony  hoop 
being  completed  by  the  intercalation 
of  the  haemal  spine  (fig.  15,  h*)  be* 
tween  the  ends  of  the  haemapophyses. 
And  this  spine  is  here  sometimes  as 
widely  expanded  (in  the  thorax  of  birds 
and  chelonians,  for  example)  as  is  the 
neural  spine  (parietal  bone  or  bones) 
of  the  middle  cranial  vertebra  in  mam- 
mals. In  both  cases,  also,  it  may  be 
developed  from  two  lateral  halves,  and 
a  bony  intermuscular  crest  may  be  ex- 
tended from  the  mid-line,  as  in  the 
skull  of  the  hyaena,  and  the  breast-bone 
of  the  bird  (fig.  15,  hs).  To  facilitate 
the  comparison  of  the  merits  of  the 
preceding  view  and  nonienclature  of 
the  typical  vertebra  with  those  of  other 
comparative  anatomists,  I  have  thrown 
the  results  into  the  form  given  in 
Table  II. 


Fig.  15 


Natural  typicml  Tcrtebra :  thorax  of  a  bird. 
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To  the  question  why  I  should  have  invented  new  names  when  Geoffroj  St. 
Hiiaire  had  already  proposed  others  for  the  vertebral  elements^  I  can  only  re- 
peat the  regret  with  which  I  found  myself  compelled  to  that  invidious  step, 
aAer  having  arrived  at  the  conviction,  that  the  learned  Parisian  Professor  had 
eometimes  applied  the  same  term  to  two  distinct  elements,  and  sometimes 
two  distinct  names  to  one  and  the  same  element :  and  I  am  glad  to  be  able  to 
cite  the  authority  of  Cuvier  for  the  propriety  and  advantage  of  such  a  step. 
His  words  are  in  reference  to  an  analogous  case,  '*  Donner  k  un  mot  connu  un 
sens  nouveau  est  toujours  un  proc6d6  dangereux,  et,  si  Ton  avoit  besoia 
d'exprimer  une  id6e  nouvelie,  il  vaudroit  encore  mieux  inventer  un  nouveau 
terme,  que  d'en  d^toumer  ainsi  un  anden  *.*'  Now  tliere  is  scarcely  one  term 
in  the  first  column  in  Table  1 1,  which  is  synonymous  with  its  opposite  in  the 
second  column,  or  which  expresses  exactly  the  same  idea ;  and  the  discrepancy 
becomes  greater  in  regard  to  the  terms  applied  to  the  vertebral  elements  of  the 
bead,  in  columns  1  and  5  of  Table  III.  The  respective  concordance  of  the  views 
of  the  vertebral  archetype  entertained  by  GeoflTroy  and  myself  with  Nature  wiU 
be  determined  and  judged  of  by  succeeding  impartial  and  original  observen. 

With  regard  to  the  term  cycUaly  ^*  de  KirxXost  cercle,  pour  rappeler  sa 
forme  annulaire,  permanentes  chez  les  premiers,"  ( Articulata,  Dermo verte- 
bra Geoff.)  *^  et,  au  contraire,  non  pers^v^rante  chez  les  demiers  "  (Verte- 
brata,  Hauts-vert^br^s,  Geoff.),  it  is  understood  by  its  author  to  apply  to  the 
annular  segment  of  the  crust  of  the  insect,  as  well  as  to  the  *  centrum '  of  the 
endoskeletal  vertebra.  Geoffroy's  primary  division  of  the  parts  of  a  vertebra 
is  into  the  centre  or  nucleus  (noyau)  and  the  lateral  branches.  The  upper 
'  braDches  laterales '  or  '  p^riaux '  are  equivalent  to  my  neurapophyses  and 
also  to  my  neural  spine,  in  fishes :  the  lower  lateral  branches  or  *  paraaux '  are 
sometimes  free  and  floating  f,  when  they  answer  to  my  '  pleurapophyses '; 
but  they  are  sometimes  so  united  as  to  form  a  canal,  when  they  answer 
to  my  *  parapophyses '  in  the  tail  of  fishes  tf  and  to  my  *  hsDmapophyses '  in 
the  tail  of  cetaceans.  Geoffroy  supposed,  for  example,  that  the  hsemal  canal 
in  the  tail  in  all  fishes  was  formed  by  the  ribs,  bent  down  and  anchylosed 
at  both  ends§,  and  that  the  haemal  canal  in  the  tail  of  the  crocodile  and 
whale  was  constituted  by  a  like  metamorphosis  of  the  same  vertebral  elements. 
He,  alsoy  argued  that,  as  the  small  spinal  chord  of  fishes  did  not  demand 
so  great  a  development  in  breadth  of  the  neurapophyses,  they  were  permitted 
to  attain  to  unusual  length ;  and  that,  coalescing  together,  they  thus  consti- 
tuted not  only  the  neural  arch  but  the  neural  spine,  to  which  latter,  thei*efore, 
be  extended  the  name '  p^rial ' ;  whilst  to  the  corresponding  part  in  mammals 
be  gives  the  name  of '  6pial  *.  But*  again,  in  fishes,  he  calls  the  dermal 
spines  developed  in  the  embryonic  median  fold  of  integument  which  is  meta- 
morphosed into  the  dossal  fins,  *6piaux' ;  and  the'corresponding  dermal  spines 
of  the  ventral  fin  '  cataaux.'  The  lepidosiren,  however,  manifests  the  neural 
spine  distinct  from  both  the  neurapophyses  below  and  the  dermo-neural  spine 
above :  and  such  neural  spine  is  unequivocally  homologous  with  the  anchy- 
losed neural  spine  in  osseous  fishes  ||.  It  is  quite  in  harmony  with  the  position 
of  the  class  of  fishes  at  the  bottom  of  the  vertebrate  scale  that  they  should 
present  a  greater  degree  of  calcification  of  the  parts  belonging  to  the  same 
dtegory  of  the  skeletal  system  as  the  shells  and  crusts  of  the  invertebrates : 
hence  it  is  that  whilst  the  median  dermal  fins  of  the  marine  mammalia  have 

*  M^moiret  da  Mos^um,  t.  xx.  p.  123. 

t  As  they  are  illustrated  in  the  abdominal  vertebra  of  the  fish  figured  by  Geoffroy  in  the 
'H^moires  da  Mua^m/  t.  ix.  (1822),  pi.  5,  fig.  4,  o.  %  lb.  fig.  2,  o  o. 

I  This  occurs  as  an  exceptional  condition,  in  the  lepidostens,  and  perhaps  in  lepidosiren. 

II  Linn.  Trans.  toI.  xviii.  p.  23,  fig.  4,  c,  <f. 
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their  supporting  skeleton  in  tlie  primitive  histological 
fibrous  state,  the  corr<feponding  parts  are  ossified  in  fishes: 
rarely,  however,  are  -such  parts  in  answerable  number  to 
the  vertebrae ;  and  the  true  spines  of  these  vertebrae, 
when  the  median  fins  and  their  bony  spines  are  removed, 
in  fishes,  show  as  little  indication  of  the  place  or  existence 
of  such  fins,  as  do  the  vertebrae  in  the  porpoise  of  the 
existence  of  its  dermal  fin.  In  proportion  as  ossification 
has  extended  into  the  dermal  system  of  fishes  it  has  been 
arrested  in  the  vertebrae,  which  in  the  trunk  and  tail  of 
fishes  present  their  least  complex  condition.  Two  of  the 
autogenous  elements,  the '  haemapophyses,'  are  absent,  and 
are  commonly  represented,  in  the  tail,  by  the  modified 
'  parapophyses.'  The  seeming  complexity  of  a  fish's  ver- 
tebra arises  from  the  intercalation  of  bones  appertaining 
to  the  system  of  the  dermo-skeleton :  it  would  have  been  an 
unusual  exception  to  the  general  course  of  development  if 
the  lowest  of  the  vertebrate  classes  should  have  presented 
the  vertebral  skeleton  in  its  highest  state  of  complication ; 
and  Geoffroy  St.  Hilaire  was  unfortunate  in  taking  a  fish's 
vertebra  with  its  extrinsic  e vertebrate  complications,  as  the 
perfect  type  of  that  primary  segment  of  the  myelencepba- 
lous  skeleton  (fig.  16).  He  was  still  more  unlucky  in  having 
for  the  subject  of  his  figure*  a  specimen  from  which  two 
of  the  pieces  had  been  accidentally  lost,  as  Cuvier  after- 
wards pointed  out ;  yet  Geoffrey's  mutilated  caudal  ver- 
tebra of  the  plaice  continues  to  be  copied  in  some 
compilations  of  comparative  anatomy,  as  the  type  of  a 
vertebra  I  To  obtain  the  dermal  spines  (pro-epial  and  pro- 
cataal)  of  the  vertically  extended  caudal  vertebrae  of  fishes, 
Geoffboy  had  recourse  to  a  hypothetical  division  length- 
wise of  the  intemeural  and  interhaemal  spines  (which  are 
represented  as  being  single  in  bis  figure),  and  to  as  gra- 
tuitous a  displacement  of  one  of  the  halves  from  the  side 
to  the  summit  of  the  other  t-  Now  the  intemeural  and 
interhaemal  spines  are  actually  double  in  relation  to  the 
neural  and  haemal  spines ;  yet  they  coexist  with  a  dermo- 
neural  and  dermohaemal  ray,  which  therefore  needs  no 
imaginary  change  of  place  of  either  of  its  supporting 
spines  to  account  for  its  existence.  I  subjoin  in  fig. 
16  an  entire  vertebra  answering  to  the  mutilated  one 
figured  by  Geoffroy ;  and  for  the  better  understanding  of 
the  difference  between  his  determinations  of  the  vertebral 
elements  and  those  given  in  the  present  Report,  the  names 
respectively  indicating  those  different  determinations  are 
added  to  the  figure.  In  the  description  of  the  plate  in 
the  *  M6moires  du  Museum,'  Geoffroy  explains  that  the 
'  pro-6piar  is  the  left  half  or  '6pial^iicA«,'  and  the  en-^pial 
the  right  half  or'^pial  droit' :  that  the  en-cataal  is  the  right 
half  or '  cataal  droit,'  and  the  pro-cataal  the  left  half  or '  cataal  gemehe,*  of  hia 
imaginarily  divided  epivertebral  and  catavertebral  elements  (iL  c.  p.  115). 

*  M^oires  da  Mm^um,  t.  ix.  (1822),  pi.  5,  fig.  1. 

f  **  L'une  de  ces  pieces  monte  sur  Taatre  '^'*  rune  se  maintieiit  en  dedaat ,  quand 
-*'  s'^nce  ea  dehors,*'  ib.  p.  97. 


Endo-  and  exo-ake- 
leCal  elemento  of  a 
caudal  vcrtebm  of 
a   Plaice  [PUurv 
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The  trunk  of  fishery  in  respect  of  its  viscera  and  th^egree  of  development 
of  the  endoskeleton,  answers  to  the  lumbar  and  caudal  regions  of  air-breath- 
ing vertebrates  where  the  vertebre  usually  lose  some  of  their  elements,  at 
least  as  bones.  The  heart  and  respiratory  organs  are  placed  in  the  head  of 
the  fish ;  and  it  is  only  in  this  region  that  the  vertebral  segments  attain  to 
typicsd  completeness  in  that  class*  Geoffroy,  in  studying  the  special  and 
general  homologies  of  the  bones  of  the  head  of  fishes,  blends  indiscrimi- 
natetj,  as  in  the  supposed  typical  vertebra  from  the  tail,  elements  of  the 
dennoskeleton  (suborbitals  and  laerymals,  e.  g.)  with  those  of  tbe  endo- 
skeleton ;  and  also  presses  the  capsules  of  the  special  organs  of  sense  into  the 
composition  of  the  seven  cranial  vertebrae  of  his  system.  It  needs  only  to 
compare  the  synonyms  of  tbe  elements  of  these  vertebre  in  Table  111.  to 
perceive  how  impossible  it  would  have  been  to  have  expressed  the  ideas' 
which  I  wish  to  expound  and  illustrate  in  this  Report  by  the  use  of  the  names 
for  the  vertebral  elements  proposed  by  GeofiVoy,  or  of  English  equivalents. 
The  prefrontals,  e.  g.  (no.  u),  which  I  regard  as  the  neurapophj'ses  of  the 
nasal  vertebra,  are,  according  to  Geoffroy,  epials  of  the  2nd  or  labial  vertebra 
in  the  class  of  fishes ;  but  are  epials  of  the  1st  or  nasal  vertebra  in  the  cro- 
codile, according  to  the  tables  given  in  the  '  Annales  des  Sciences,'  t  iii.  pL  9, 
and  '  Atlas,'  p.  44;  whilst  they  are  the  perials  of  the  2nd  vertebra  in  the 
scheme' of  1825,  cited  in  the  fifth  column  of  Table  III. 

I  have  deemed  it  requisite  to  enter  the  more  fully  into  the  grounds  for 
abandoning  the  analysis  and  nomenclature  of  the  typical  vertebra  proposed 
by  Geoflh>y,  because  they  have  received  the  sanction  in  this  country  of  the 
leuned  Professor  of  Comparative  Anatomy  at  University  College.  Dr.  Grant* 
converts  the  French  names  into  English  equivalent  phrases;  'cyclo- vertebral 
element'  for  cycUal^  'perivertebral  element'  for  phials  &c ;  and  abandons 
the  advantage  of  a  definite  name,  without  remedying  the  disadvantages  of 
the  double  employment  of  the  same  names  for  two  distinct  elements,  and  of 
the  application  of  different  phrases  for  the  same  element  If,  for  example, 
the  neural  spine  of  the  reptile  or  mammal  be,  in  nature,  the  homologue  of 
the  neural  spine  of  the  fish,  then  the  latter  is  called  an '  epivertebral  element,' 
whilst  the  former  is  called  a  '  perivertebral  element.'  if  the  dermo-neural 
spines  of  the  dorsal  fin  of  a  fish  be,  in  nature,  homologous  with  the  fibro- 
ligameatons  tissue  supporting  the  dorsal  fin  of  the  dolphin,  then  tbe  term 
'  epivertebral  element '  is  applied  to  a  spine  of  the  exoskeleton  in  the  fish,  and 
to  a  apine  of  the  endoskeleton  in  the  mammal,  which  spine  co-exists  with  such 
derma]  spine  in  the  fish  (see  fig.  16)*  If  the  pampophysis  or  inferior  transverse 
process  in  the  fish  be  a  distinct  element  from  the  diapophysis  or  superior 
transverse  process  in  the  mammal,  the  same  phrase, '  paravertebral  element,' 
is  applied  to  each.  Dr.  Grant,  moreover,  gives  the  same  name,  'cata vertebral 
elements,'  to  the  free  vertebral  ribs  in  fig.  28,  B.  g.  p.  58,  op,  city  as  he  applies 
to  the  haemapophyses  in  the  tail  of  the  reptile  or  cetacean,  in  fig.  28,  C.  g, 
he,  eii,;  whilst  Geoffroy  applies  the  name  'cataaux'  to  the  sternal  ribs, 
and  not  to  the  vertebral  ribs :  and  it  is  precisely  with  the  sternal  ribs  that 
the  chevron  bones  in  the  tails  of  reptiles  and  cetaceans  are  homologous,  and 
both  are,  therefore,  the  '  hcemapophyses '  in  my  system.  The  transference 
of  the  term  ^  catavertebral  elements '  (for  eaiaaus),  from  the  *  cdtes  stemales ' 
to  the  pair  of  ribs  extended  from  the  ends  of  the  parapophyses  of  the  abdomen 
of  fishes,  is  a  deviation  from  the  original  vertebral  system  of  Geoffroy,  which, 
seems  to  lead  further  away  from  nature.  If  it  is  meant  that  the  outstretched 
parapophyses  in  the  diagram  of  the  abdominal  vertebra  of  a  fish  (fig.  28,  B,f.f. 
iot.dL}t  End  which  are  there  called  <  paravertebral  elements,'  are  the  homo- 

*  OatUnei  of  Compsrative  Anatomy,  1835,  pp.  57-59. 
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logues  of  the  '  cdtes  ^rt^brales '  of  higher  vertebratee,  to  which  Greoffroy 
assigned  the  name '  paraaux/  this  appears  to  be  another  misapprehension  of 
the  relations  in  question. 

Development  of  vertebrm, — Before  applying  the  idea  of  the  archetypal 
vertebra,  or  primary  segment  of  the  endo- skeleton,  given  in  figs.  14  and  15, 
to  the  elucidation  of  the  modifications  of  those  segments  in  the  different  ver-* 
tebrate  classes,  I  shall  premise  a  few  observations  on  the  mode  of  develop- 
ment of  the  vertebrae  in  those  classes. 

The  chief  condition  of  the  development  of  distinct  vertebr®  in  the  trunk 
is  the  conjunction  of  nerves  with,  or  their  progress  from  the  spinal  chord  : 
at  least,  this  circumstance,  with  the  concomitant  exit  of  blood-vessels  from 
the  neural  canal,  seems  to  determine  the  development  of  the  neurapophyses  : 
*and  the  vertebral  bodies  are  not  slow  in  coinciding  in  number  with  those  im- 
portant arches ;  and  in  determining  with  the  regular  primary  pairs  of  (inter- 
costal, lumbar,  &c.)  arteries,  the  inferior  or  hfismal  arches.  We  may  learn  how 
much  the  development  of  the  neurapophyses  and  vertebral  bodies  depends, 
in  the  trunk,  upon  the  conjunction  of  nerves  with  the  spinal  chord,  by  the 
fact  that,  in  the  regenerated  tails  of  lizards,  the  vertebral  axis  remains  con- 
tinuous and  unjointed,  because  there  is  no  co-extensive  spinal  chord  giving 
off  pairs  of  nerves. 

An  extremely  delicate  fibrous  band,  with  successively  accumulated  gelati- 
nous cells,  compacted  in  the  form  of  a  cylindrical  column,  and  inclosed  by  a 
membranous  sheath,  is  the  primitive  basis,  called  *notochord'*  (chorda  dorsa' 
lis  seu  geloHnosa^  Lat.,  gallertsdule  und  ruckenmiie,  Germ.),  in  and  around 
which  are  developed  the  cartilaginous  or  osseous  elements  by  which  the 
vertebral  column  is  established  in  every  class  oi  Myekncephaila. 

l^he  earlier  stages  of  vertebral  development  are  permanently  represented, 
with  individual  peculiarities  superinduced,  in  the  lower  forms  of  the  class  of 
fishes  f.  In  the  Dermopteri  or  cyclostomous  fishes,  the  neural  and  haemal 
canals  are  formed  by  a  separation  of  the  layers  of  the  outer  part  of  the  apo- 
neurotic sheath  of  the  gelatinous  chorda :  in  the  lancelet  (Amphioxus)  there 
is  no  distinction  of  structure  in  the  cranial  part  supporting  the  anterior  end 
of  the  neural  axis,  with  which  the  trigeminal,  optic  add  olfactory  nerves  com- 
municate, and  the  rest  of  the  rudiiuental  vertebral  column  :  a  labial  carti- 
laginous arch  supporting  the  tentacula  is,  at  least,  the  only  lineament  of 
development  which  sketches  out  the  skull.  In  the  myxinoids  the  skull  in- 
cludes a  complex  system  of  cartilages,  but  the  vertebral  column  of  the  trunk 
has  not  advanced  beyond  the  gelatino-aponeurotic  stage.  In  the  lamprey 
cartilaginous  laminae  are  developed  in  the  outer  layer  of  the  fibrous  aheatb, 
and  give  the  first  indication  of  neural  arches^.  In  the  sturgeons  (Siwrio^ 
Polyodon)  the  inner  layer  of  the  fibrous  capsule  of  the  gelatinous  notochord 
has  increased  in  thickness,  and  assumed  the  texture  of  tough  hyaline  carti- 
lage. In  the  outer  layer  are  developed  distinct,  firm,  and  opake  carti- 
lages, the  neurapophyses,  which  consist  of  two  superimposed  pieces  on  each 
side,  the  basal  portion  bounding  the  neural  canal,  the  apical  portion  the 
parallel  canal  filled  by  fibrous  elastic  ligament  and  adipose  tissue ;  above  this 
is  the  single  cartilaginous  neural  spine.  The  parapophyses  are  now  di- 
stinctly developed,  and  joined  together  by  a  continuous  expanded  base,  form- 
ing an  inverted  arch  beneath  the  notochord  for  the  vascular  trunks,  even  in 
the  abdomen.     Pleurapophyses  are  articulated  by  ligament  to  the  ends  of  the 

*  Kwroff  haeky  x^P^^*  string.     We  have  hitherto  had  no  English  equivalent  for  this  em» 
pc  keel  or  biiaii  of  every  vertebrate  animal :  *  donal  chord '  or  '  chorda '  ia  liable  to 
the '  spinal  chord.' 
^v  on  Vertebrata,  1846,  pp.  45,  46. 
>  Mns^am  d'Histoire  Naturelle,  t.  i.  1815,  p.  130. 
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laterally  projecting  parapophyses  in  the  first  twelve  or  twenty  abdominal  ver- 
tebrae :  in  the  anterior  ones  these  '  vertebral  ribs  '  aft  composed  of  two  or 
three  distinct  cartilages^  :  the  posterior  pleurapopbyses  are  short  and  simple. 
The  parapophyseii  gradually  bend  down  to  form  haemal  arches  in  the  tail,  at 
the  eod  of  which  we  find  hcemal  cartilaginous  spines  corresponding  to  the 
neural  spines  above.  The  tapering  anterior  end  of  the  notochord  is  con- 
tinaed  forwards  into  the  basal  elements  of  the  cranial  vertebre.  Vegetative 
repetition  of  perivertebral  parts  not  only  manifests  itself  in  the  composite 
nearapophyses  and  pleurapopbyses,  but  in  a  small  accessory  (intemeural)  car- 
tilagey  at  the  fore  and  back  part  of  the  base  of  the  neurapophysis;  and  by  a 
umilar  (interhaemal)  one  at  the  fore  and  back  part  of'  most  of  the  parapo- 

ph^Msf. 

Anaongst  the  sharks  (SquaUda)  a  beautiful  progression  in  the  further 
development  of  a  vertebra  has  been  traced  out,  chiefly  by  J.  Muller|.  In 
Biepttmckut  (Sqnalus  cinereus)  the  vertebral  centres  are  feebly  and  vege- 
tatively  marked  out  by  numerous  slender  rings  of  hard  cartilage  in  the  noto- 
chordal  capsule,  the  number  of  vertebrae  being  more  definitively  indicated  by 
the  neurapophyses  and  parapophyses ;  but  these  remain  cartilaginous.  In 
the  piked  dog-fish  {Acanthuu)  Kad  the  spotted  dog-fish  (Scyllium)  the  ver- 
tebral centres  coincide  in  numbier  with  the  neural  arches,  and  are  defined  by 
a  thin  layer  of  bone,  which  forms  the  conical  articular  cavity  at  each  end: 
the  whole  exterior  of  the  centrum  is  covered  by  soft  cartilage,  except  at  the 
concave  ends ;  the  two  thin  funnel-shaped  plates  of  osseous  matter  coalesce 
at  their  perforated  apices,  and  form  a  basis  of  the  vertebral  body  like  an 
hoai^lass  ;  the  series  of  these  centrums  protecting  a  continuous  moniliform 
remnant  of  the  gelatinous  notochord.  In  the  great  basking-shark  (Selache) 
the  vertebral  bodies  are  chiefiy  established  by  the  terminal  bony  cones,  the 
thick  margins  of  which  give  attachment  to  the  elastic  capsules  containing 
the  gelatinous  fluid,  which  now  tensely  fills  the  intervertebral  biconical  spaces. 
Four  sub-compressed  conical  cavities  extend,  two  from  the  bases  of  the 
neorapopbyses,  and  two  from  those  of  the  parapophyses,  towards  the  centre 
of  the  vertebral  body,  contracting  as  they  penetrate  it.  These  cavities  always 
remain  filled  by  a  clear  cartilage :  the  central  two-thirds  of  the  rest  of  the 
vertebral  body  contain  concentric,  progressively  decreasing,  and  minutely 
perforated  rings  or  cylinders  of  bone,  interrupted  by  the  four  depressions : 
the  peripheral  third  of  the  vertebral  body  contains  longitudinal  bony  laminae, 
which  radiate,  perpendicularly  to  the  plane  of  the  outermost  cylinder,  to  the 
eircomference ;  these  outer  laminae  lie,  therefore,  parallel  with  the  axis  of  the 
vertebra,  and  the  intervening  fissures,  like  those  between  the  concentric  cylin- 
ders within,  are  filled  by  clear  cartilage,  which  shrinks,  and  leaves  them  open 
in  the  dry  vertebra }. 

In  Cesiraeion^  the  intermediate  part  of  the  centrum  between  the  terminal 
cones  is  strengthened  by  longitudinal  radiating  plates  only ;  in  Squatina  by 
concentric  cylinders  only.  In  the  tope  (Gakus)  all  the  space  between  the 
terminal  bony  cones  is  ossified,  except  the  four  conical  cavities,  the  bases 
of  which  are  dosjed  by  the  neur-  and  par-apophyses ;  so  that  the  whole 
exterior  of  the  centrum  appears  formed  by  smooth  compact  bone. 

In  the  osseous  fishes  I  find  that  the  centrum  is  usually  ossified  from  six 
points,  four  of  which  commence,  as  Rathke||  describes,  in  the  bases  of  the 

*  Brandt  &  Ratzeburg,  Medizinische  Zoologie,  4to,  1833,  t.  ii.  pi.  iv.  fig.  1. 

t  Hunterisn  Lectures  on  Vertebrata,  1846,  p.  53,  fig.  12. 

t  See  Agaasiz,  Recherches  sur  lea  Poiss.  Foss.  t.  Ui.  pp.  361,  369. 

i  Hanterian  Lectures  on  Vertebnta,  1836,  p.  55,  fig.  13. 

II  Abhandlungen  zur  Bildungs  und  Entwickelungsgeschichte,  Zweiter  Theilt  1833,  p.  41. 
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two  neurapophyses  and  the  two  parapophvses ;  but  the  terminal  concave  plates 
of  the  centrum  are  separately  ossifi^.  They  coalesce  with  the  intermediate 
part  of  the  centrum,  which  is  sometimes  completely  ossified,  but  commonly  a 
communicating  aperture  is  left  between  the  two  terminal  cones;  and  in 
many  cases,  the  plates  by  which  calcification  attains  the  periphery  of  the 
body  leave  interspaces  permanently  occupied  by  cartilage,  forming  cavities 
in  the  dried  vertebra,  especially  at  their  under  part,  or  giving  a  reticulate 
surface  to  the  sides  of  the  centrum.  The  expanded  bases  of  the  neur-  and 
par-apophyses  usually  soon  become  confluent  with  the  bony  centrum ;  aome- 
times  first  expanding  so  as  wholly  to  inclose  it,  as,  for  example,  in  the  tunny, 
where  the  line  of  demarcation  may  always  be  seen  at  the  border  of  the  arti- 
cular concavity,  though  it  is  quite  obliterated  at  the  centre,  as  a  section 
through  that  part  demonstrates. 

Miiller  correctly  distinguishes  a  'central'  from  a  'peripheral'  (cortical)  part 
or  seat  of  the  ossification  of  the  vertebral  bodies  of  fishes,  llie  peripheral 
ossification  which  takes  its  rise  from  the  outer  layer  of  the  fibrous  sheath  of 
the  notochord  sometimes  extends  into  broad  plates  beneath  the  anterior  ver^ 
tebrse  of  the  trunk,  and  tends  to  fix  or  anchylose  a  certain  number  of  them  ; 
when  they  are  commonly  represented  by  the  partially  distinct  central  parts 
of  the  bodies,  together  with  the  neur-  and  par-  and  pleur-apophyses. 

The  batrachia  follow  closelv  the  stages  above-cited  in  fishes ;  the  centrums 
being  arrested  at  the  biconical  stage  in  the  perennibranchiates,  but  converted 
into  ball-and-socket  vertebrsB  by  the  ossification  of  the  interposed  gelatinous 
ball*  and  its  adhesion,  either  to  the  fore-part  of  the  centrum  (Pipth  Sala^ 
mandra),  or  the  back  part  {RanOy  Bufo).  The  mode  of  ossification  of  the 
centrum  varies  somewhat  in  batrachia.  Miillerf  describes  annular  ossifi- 
cations in  the  sheath  of  the  notochord  of  the  Rana  temporaria  and  IL  eseti- 
lentai  which  support,  at  first,  the  neurapophyses.  Dug6s,  i^iparently  in- 
fluenced by  M.  Serres'  so-called  '  law  of  centripetal  development,'  describes 
two  cartilaginous  nuclei,  side  by  side ;  but  the  more  obvious  and  bettei^de- 
termined  development  of  the  vertebree  of  fishes  gives  no  countenance  to  this 
bilateral  beginning  of  ossification  of  the  centrum  as  a  general  law.  The  firat 
distinct  bony  nucleus  in  the  centrum  observed  by  Dug^  was  bilobed»  and 
afterwards  cubical ;  but  excavated  before  and  behind,  as  well  as  beneath  {• 
The  ossification  of  the  centrum  is  completed  by  an  extension  of  bone  from 
the  bases  of  the  neurapophvses,  which  efiect,  also,  the  coalescence  of  these 
with  the  centrum.  In  Pelchatesfugcusy  and  Peiobates  cuUrq)eSy  Miiller  found 
the  entire  centrum  ossified  from  this  source,  without  any  independent  points 
of  ossification. 

The  vertebree  of  the  tail  of  the  larvse  of  the  anourans  are  represented  di- 
stinctly only  in  the  aponeurotic  stage.  Even  when  the.  change  to  cartilage 
takes  place,  the  tendency  to  coalescence  has  begun  to  operate,  and  only  two 
long  neurapophyses  are  established  on  each  side :  the  ossification  of  these 
platefl  extends  into  the  fibrous  sheath  of  the  remnant  of  the  coccygeal  noto- 
chord, and  they  coalesce  when  the  perishable  parts  of  the  tadpole-tail  have 
been  absorbed,  and  the  fore-  and  hind-legs  developed,  constituting  the  long» 
often  hollow,  and  inferiorly  grooved  coccygeal  bony  style. 

In  saurians,  birds  and  mammals,  the  notochord  is  inclosed  by  cartilage 
before  ossification  begins ;  which  cartilage  is  continuous  with  the  cartilagi- 
nous neurapophyses  §•    In  birds,  the  two  histological  processes,  chondrifica. 

*  Dutrochet,  M^moires  poor  servir  k  rHittoire  Nat.  et  PhyaioL  des  Animaux,  &c,  t.  iL 
p.  302.  1837. 
t  Neurologic  der  Myzinoiden,  1840,  p.  69. 
X  Kecherches  snr  les  Batracieni,  1835,  4to,  p.  106. 
§  Miiller,  Vergleichende  Anatomie  der  Myxinoiden,  Neurologie,  1840,  p.  74. 
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tioD  and  oeBification,  do  not  precisely  follow  the  same  route.    In  the  centnims 
of  the  dorsal  and  cervical  vertebrsB  of  the  chick  chondrification  is  centripetal: 
it  b^ins  from  two  points  at  the  sides  and  proceeds  inwards,  the  middle  line 
of  the  under  surface  of  the  primitive  notochord  resisting  the  change  longest* 
But,  nrhen  the  lateral  cartilages  have  here  coalesced,  ossification  begins  at 
the  middle  line  and  diverges  laterally ;  the  primitive  nuclei  of  the  bony  centres 
appearing  as  bilobed  ossicles,  and  its  direction  is  centrifugal.     The  lobes 
ascend  to  embrace  the  shrivelled  remnant  of  the  chorda,  like  the  hollow  ver- 
tebral centres  in  fishes.     Only  in  the  sacral  vertebrae  has  ossification  been 
seen   to  begin  from  two  distinct  points  at  the  middle  line.    The  bases  of 
the  separately  ossifying  neurapophvses  extend  over  much  of  the  centrum, 
and  aooQ  coalesce  with  it    In  reptiles  a  greater  proportion  of  the  centrum 
is  oadfied  from  an  independent  point,  and  the  bases  of  the  neurapophyses 
often  remain  permanendy  distinct  and  united  to  the  centrum  by  suture.     In 
manunals,  as  in  fishes,  the  centrum  is  ossified  from  an  anterior  and  posterior 
oeotre,  establishing  the  articular  surfaces,  as  well  as  from  an  intermediate 
point.     This  is  considerably  overiapped  by  the  bases  of  the  neurapophvses, 
before  they  coalesce  with  the  centrum.    The  three  primitive  parts  of  the 
centrum  remain  longest  distinct  in  the  cetacea.     The  body  of  the  human 
atlas  is  sometimes  ossified  from  two,  rarely  from  three,  distinct  centres,  placed 
side  by  side  *.     From  these  ascertained  diversities  in  the  mode  of  formation 
of  the  central  element  of  the  vertebra,  it  will  be  seen  how  little  developmental 
characters  can  be  relied  on  as  affecting  the  determination  of  homologous  partft. 
General  Characters  of  VerUbrm  ^ihe  Trunk. — The  ossified  parts  of  the 
abdominal  vertebrae  of  osseous  fishes  answer  to  c,  centrum;  n,  neurapo- 
physes ;  n  «,  neural  spine ;  /i,  parapophyses ;  pl^  pleurapophyses ;  and  a,  ap- 
pendages (fig.  17)« 

The    nearapophyses    com-  Fig.  !?• 

monly  coalesce  with  their  re- 
spective centrums ;  except  in 
the  case  of  the  atlas,  where  the 
neural  arch  is  sometimes  quite 
separated  from  the  centrum, 
and  wedged  between  those  of 
the  occiput  and  second  verte- 
bra. I  have  found  also  the 
nearapophyses  of  the  two  last 
c%adal  vertebrae  unanchylosed 
to  their  centrums  in  a  large 
^earperch  (CentrcprisHs  ffiffos, 
O.)  in  which  the  five  terminal 
haemal  arches  and  spines  re- 
mained simiiariy  distinct,  and 
arttcolated  with  the  centrums 
below.  In  the  carp  and  pike, 
the  primitive  independence  of 
both  nearapophyses  and  par- 
apophyses is  more  general  and 
longer  nmintained.  In  the  le- 
pidosiren  the  vertebral  bodies  are  not  developed,  the  notochord  being  per- 
»stent ;  but  the  peripheral  vertebral  elements  are  well-ossified :  the  neur- 
apophvses in  this  fish  remain  distinct  from  the  neural  spines ;  and  the  haemal 
ipines  are  in  like  manner  moveably  articulated  to  the  haemal  arches.    These 

*  Meckel,  Archi?  fur  die  PhyMologic,  Bd.  1.  (1815)  t.  vi.  fig.  1. 
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are  formed  by  the  gradually  bent-down  ribs*,  which  are  formed  in  the 
abdomen  either  by  unusally  elongated  '  parapophyses*  (if  they  be  inter- 
preted by  the  condition  of  those  elements  in  the  cod-fish),  or  by  pleurapo- 
physes  articulated  directly  to  the  fibrous  sheath  of  the  notochord ;  which 
interpretation  of  the  mode  of  formation  of  the  haemal  arches  is  supported  by 
Professor  Muller*s  discovery  of  the  nature  of  those  arches  in  the  Lepidosteusf, 
Whether  we  adopt  Ihe  analogy  of  the  Anacanthinij  or  the  Ganoidei  (and 
the  .general  afifinity  of  the  Protopteri  to  the  ganoids  would  incline  the  choice 
to  the  latter),  the  constitution  of  the  hsenial  arches  in  the  lepidosiren  is 
strictly  piscine;  at  least  if  we  take  the  skeleton  of  the  tailed  batrachia 
(tig*  28)  as  our  guide  to  the  homology  of  the  caudal  inferior  arches  in 
higher  reptiles  and  mammals.  The  unusual  size  and  length  of  the  abdo- 
minal parapophyses  in  the  cod-tribe  (Gac/u/ce),  the  flat-fishes  (PleuroneciidiB), 
and  the  genus  Ophidium,  evinces  the  natural  character  of  the  order  ^ftaoa»- 
thini^  in  which  they  have  been  grouped  together  by  Professor  Miiller :  the 
pleurapophyses  are,  conversely,  very  short  and  slender  in  this  order.  In  all 
bony  fishes  the  costal  arch  in  the  abdomen  is  completed  by  the  aponeurotic 
Bepta  between  the  ventral  portions  of  the  myocommata:^,  which  there  repre- 
sent the '  haemapophyses'  {cartUagines  casta,  inscripdones  lendinem  muse,  recti 
abdominis  of  anthropotomy).  Indeed,  when  we  reflect  that  the  trunk  of 
the  fish,  by  reason  of  the  advanced  position  of  the  heart  and  breathing  organs, 
answers  to  the  abdominal  and  caudal  regions  of  the  trunk  of  higher  verte- 
brates, we  could  hardly  expect  the  typical  vertebra  to  be  there  carried  out  in 
osseous  tissue ;  but  rather  be  prepared  to  find  the  haemapophyses  retaining 
the  same  primitive  histological  state  which  they  present  in  the  abdomen  of 
mammals  and  man  (fig.  25,  A''). 

Immediately  behind  the  coracoid  arch,  it  is  usual  to  find  a  long  and  slender 
rib-like  bone,  sometimes  composed  of  two  pieces,  on  each  side ;  it  gives  a 
firmer  implantation  to  the  portion  of  the  myocommata  immediately  behind 
the  pectoral  fin  ;  and  is  obviously  the  ossified  serial  homologue  of  the  haema- 
pophysial  aponeuroses  between  the  succeeding  myocommata.  It  is  usually 
detached  from  its  centrum  and  articulated  superiorly  to  the  inner  side  of  the 
coracoid :  when  it  rises  higher,  as  in  the  SqtrachttSf  it  becomes  attached  to 
the  atlas,  and  in  the  Argyreiosus  vomer  it  meets  and  joins  it^  fellow  below, 
forming  a  true  inverted  or  haemal  arch,  parallel  with,  but  more  slender  than 
the  coracoid  arch.  No  other  idea  of  the  general  homology  of  this  arch  pre- 
sents itself  than  as  a  haemal  one,  completing  the  costal  arch  as  an  ossified 
haemapophysis,  differing  from  the  typical  vertebra  (fig.  15)  only  by  the  non- 
development  of  a  sternum  or  haemal  spine :  and  there  appears  to  be  as  little 
ground  for  hesitation  as  to  the  particular  segment  of  the  endoskeleton  to  which 
to  refer  this  costal  or  inverted  arch ;  its  immediate  succession  to  the  correspond- 
ing arch  attached  to  the  occiput,  as  well  as  the  occasional  direct  attachment, 
indicating  that  segment  to  be  the  atlas  or  first  vertebra  of  the  trunk. 

The  b^t-marked  general  character  of  the  vertebral  column  of  the  tnuak  in 
the  class  Pisces  is  that  which  Professor  J.  Miiller  first  pointed  out ;  viz.  the 
formation  of  the  haemal  arches  in  the  tail  by  the  gradual  bending  down  and 
coalescence  of  the  parapophyses  ;  the  exceptions  being  offered  by  the  ganoid 
polypterus  and  lepidosteus  and  the  protopterous  lepidosiren.  The  pleurapo- 
physes are,  sometimes,  continued  in  ordinary  osseous  fishes  from  the  parapo- 
physes after  the  transmutation  of  these  into  the  haemal  arches.     The  dory, 

♦  Linn.  Trans,  vol.  xviii.  pi.  23,  fig.  4,  «  x, 

t  Remarks  on  the  Structure  of  the  Ganoidei,  in  Taylor's  Scientific  Memoliv,  voL  it. 
p.  551. 

X  Lectures  on  Vertebrata,  1846,  p.  163,  fig.  44,  hp. 
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lunDy,  and  Baimon  yield  this  striking  refutation  of  tbe  idea  of  the  formation 
of  those  arches  in  all  fishes,  bj  displaced,  curtailed  and  approximated  ribs.  In 
some  fishes,  however  (e.  g,  the  cod),  reduced  pleurapophyses  coalesce  with  the 
parapophyaes  to  form  the  haemal  arches  of  the  caudal  vertebrae.  The  meno- 
pome,  amongst  the  lowest  or  perennibranchiate  reptiles,  yields  a  clear  disproof 
of  the  formation  of  the  haemal  arch  in  the  tail  by  the  pleurapophyses  (the 
parts,  vis.  called  by  Geoffroy  <  paraux,'  and  by  Dr.  Grant  <  catavertebral  ele- 
ments '  in  the  abdomen  of  fishes)*.  The  vertebral  ribs  or  pleurapophyses  in 
the  meoopome  (fig.  97 9 pi}  are  short  and  simple  and  suspended  to- the  extre- 
mities of  the  diapophyses  (d)  at  the  beginning  of  the  tail,  where  they  coexist 
with  haemal  arches  (A,  h)  :  these  must  be  formed,  therefore,  by  different  ele- 
ments, which,  since  no  trace  of  parapophyses  exists  in  any  part  of  the  spine, 
I  conclude  to  be  the  '  haemapophyses.'  The  young  crocodile  and  the  adult 
enaliosaurs  give  the  same  evidence  of  the  nature  of  the  haemal  arches  in  the 
tail,  with  which  the  corresponding  arches  or  chevron-bones,  in  cetacea  and 
many  other  mammalia,  are  homologous. 

Thoa  the  contracted  haemal  arch  in  the  caudal  region  of  the  body  may  be 
formed  by  different  elements  of  the  typical  vertebra :  e,  g.  by  the  parapophyses 
(fishes  generally)  ;  by  the  pleurapophyses  (lepidosiren)  ;  by  both  parapophy- 
ses and  pleurapophyses  («SWf9,Z^^^n^2oslnM),  and  by  haemapophyses,  shortened 
and  directly  articulated  with  the  centrums  (reptiles  and  mammal9)f .  The 
caudal  vertebrae  of  some  flat-fishes  (PleuronecHdai  fig.  16),  and  the  mu- 
raensa,  would  seem  to  disprove  the  parapophysial  homology  of  the  haemal  arches 
in  such  fishes,  since  transverse  processes  from  the  sides  of  the  body  coexist 
with  them,  as  they  do  in  the  cetacea.  But,  if  we  trace  the  vertebral  roodifi. 
cations  throughout  the  entire  column  in  any  of  these  fishes,  we  shall  find  that 
the  haemal  arches  are  actually  parts  of  the  transverse  processes ;  not  independ- 
ent elements,  as  in  the  cetacea ;  but  due  to  a  progressive  bifurcation  :  this,  in 
Mwr^ena  Hdena^  for  example,  begins  at  the  end  of  the  transverse  processes 
of  about  the  twenty-fifth  vertebra,  the  forks  diverging  as  the  fissure  deepens, 
until,  at  about  the  seventy-third,  the  lower  fork  descends  at  a  right  angle  to 
the  upper  one  (which  remains  to  represent  the  transverse  process),  and, 
meeting  its  fellow,  forms  the  hismal  arch,  and  supports  the  antero-posteriorly 
expanded  haemal  spine.  In  the  plaice  a  small  process  is  given  off  from  the 
expanded  base  of  the  descending  parapophysis  of  the  first  caudal  vertebra, 
which  increases  in  length  in  the  second,  rises  upon  the  side  of  the  body  in 
the  third,  becomes  distinct  from  the  parapophysis  in  the  fourth,  and  gradually 
diminishes  to  the  ninth  or  tenth  caudal  vertebra,  when  it  disappears.  These 
spurious  transverse  processes  never  support  ribs. 

The  neurapophyses  are  often  directly  perforated  by  the  nerves  in  fishes, 
but  are  sometimes  notched  by  them,  or  the  nerves  issue  at  their  interspaces. 

Hie  nearapophyses,  which  do  not  advance  beyond  the  cartilaginous  stage  in 
the  sturgeon,  consist  in  that  fish  of  two  distinct  pieces  of  cartilage;  and  the  an- 
terior pleurapophyses  abo  consist  of  two  or  more  cartilages,  set  end  on  end :  and 
this  interesting  compound  condition  is  repeated  in  cases  where  the  pleurapo- 
physial  element  is  ossified  and  required  to  perform  unusual  functions  in  the 
booy  state  in  other  fishes.  Amongst  the  more  special  or  exceptional  modifi- 
cations of  the  vertebrae  of  the  trunk  of  fishes,  which  indicate  the  extent  to 
which  their  normal  segmental  character  may  be  marked,  I  would  cite  those 
of  the  anterior  vertebrae  in  the  pipe-fishes,  in  the  loaches,  and  in  certain 
silnroids. 

*  Outlines  of  ComparatiTe  Anatomy,  p.  58,  fig.  28,  B,  g, 

t  By  a  misconception  of  the  sense  in  which  I  use  the  term  *  haemapophyses,'  M.  Agassiz 
ba>  apptied  it  to  the  laminae  of  the  inferior  or  haemal  arches  in  fishes.    "  Recherches ' 
Poias.  Fms*"  ton.  L  p.  95. 
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In  the  Fistulnria  tabaccaria  the  four  anterior  vertebrae  are  much-elongated ; 
the  second  one  even  to  eight  times  the  length  of  the  ordinary  abdominal  ver- 
tebrae :  and  their  centrums  are  firmly  interlocked  together,  by  very  deeply 
indented  sutures.  The  parapophyses  Bve  co-extended  with  the  centrums,  and 
overlap  each  other,  forming  a  continuous  outstanding  horizontal  ridge  on  each 
side ;  and  the  neural  spines  form  a  similar  vertical  continuous  crest* 

In  the  Cobitis  fossilis  and  C  barbatula  the  par-  and  pleur-apophyses  of 
the  second  and  third  vertebrae  coalesce  and  swell  out  into  a  large  '  bulla  oasea  * 
on  each  side,  inclosing  the  small  air-bladder  of  these  fishes :  they  also  lodge 
the  little  ossicles  which  bring  this  vertebral  tympanum  into  communication 
with  the  prolongations  or  <Uria  of  the  labyrinth  *. 

In  a  large  South  American  siluroid  fish,  I  found  the  fore-part  of  the  verte- 
bral column  of  the  trunk  apparently  formed  by  one  large  vertebra,  the  body  of 
which  sent  a  broad  triangular  plate  outwards  on  each  side,  giving  it  a  rhom- 
boidal  figure,  viewed  from  below:  these  plates  in  this  fish  support  and  coalesce 
with  five  parapophyses,  which  ascend  and  increase  in  breadth  as  they  approach 
the  skull,  where  they  join  the  paroccipitals,  as  they  are,  themselves,  joined  to- 
gether so  as  to  form  a  continuous  broad  oblique  outstanding  plate  of  bone. 
Above  these,  the  continuous  bony  neural  arch  is  perforated  for  the  exit  of  five 
pairs  of  nerves ;  the  dorsal  and  ventral  roots  escaping  separately,  as  in  the 
sacrum  of  birds.  The  coalesced  neural  spines  send  up  a  lofty  pointed  plate 
to  the  overhanging  supraoccipital.  On  vertically  bisecting  this  specimen,  I 
found  the  central  parts  of  the  bodies  of  five  vertebrae,  which  had  been  deve- 
loped in  the  notochord,  distinctly  marked  out,  and  preserving  in  their  an- 
terior and  posterior  deep  concavities  the  persistent  gelatinous  remains  of  the 
notochord;  although  the  rest  of  the  circumference  of  such  centrums  were 
ancbylosed  to  the  cortical  or  peripheral  parts  developed  from  the  capsule  of 
the  notochord,  viz.  to  the  continuous  expanded  plate  of  bone  below,  to  the 
parapophyses  laterally,  and  to  the  neurapophyses  above.  The  body  of  the 
first  vertebra^  or  atlas,  presented  the  exception  of  being  quite  detached  from 
its  elevated  parapophyses,  as  well  as  from  its  neural  arch ;  it  was  anchylosed 
only  to  the  bony  plate  below.  The  body  of  the  second  vertebra  was  six  times 
as  long  as  that  of  the  atlas :  yet  the  apices  of  the  two  deep  terminal  jelly- 
filled  cones  extended  to  and  met  in  its  centre.  The  bodies  of  the  third  and 
fourth  vertebrae  were  elongated,  but  less  so  than  that  of  the  axis  ;  the  body 
of  the  fifth  vertebra  was  singularly  modified ;  its  anterior  half  presenting  the 
long  and  slender  character  of  the  antecedent  vertebrae ;  whilst  the  posterior 
half  was.  suddenly  shortened,  but  extended  in  depth  and  breadth  so  as  to 
adapt  its  shallow  posterior  concavity  to  that  of  the  short  and  broad  body  of 
the  first  free  vertebra  of  the  trunk,  which  is  followed  by  others  of  similar 
character.  I  have  seen  few  better  instances  of  adherence  to  type,  irrespective 
of  obvious  function,  than  the  persistence  of  the  biconcave  articular  cavities, 
with  the  elastic  capsules  and  contained  fluid,  in  the  centrums  of  these  five 
rigidly  fixed  anterior  vertebrae  of  the  siluroid  fish. 

The  continuous  bony  plate  supporting  those  centrums  was  perforated 
lengthwise  by  the  aorta,  offering  another  mode  of  formation  of  a  haemal  canal, 
viz.  by  exc^enous  ossification  in  and  from  the  lower  part  of  the  outer  layer 
of  the  capsule  of  the  notochord :  the  carotid  haemal  canal  in  the  necks  of 
birds  seems  to  be  similarly  formed ;  and  the  neck  of  the  ichthyosaurus  derives 
additional  strength  and  fixation  from  apparently  detached  developments  of 
bone  in  the  lower  part  of  the  capsule  of  the  notochord,  at  the  inferior  inter- 
space between  the  occiput  and  atlas,  and  at  those  of  two  or  three  succeeding 
cervical  vertebrae  t* 

*  Weber,  G.  H.»  De  Aure  et  Audita  Hominii  et  Animalium,  4to.  1820. 

t  Sir  Philip  de  M.  Grey  Egerton,  in  GeoL  Trani.  2nd  ler.  voL  v.  p.  187,  pL  14. 
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I  am  ioclined  to  regard  the '  odontoid  process  *  of  the  mammalian  axis  as  the 
homologue  of  one  of  these  subvertebral  wedge-bones,  or  peripheral  develop- 
ments of  the  outer  layer  of  the  notochordal  capsnle.  It  cannot  be  the  peca- 
liarly  developed  anterior  articalar  epiphysis  of  the  second  vertebra,  since  this 
is  represent^  by  a  distinct  centre  of  ossification  between  the  odontoid  process 
and  the  body  of  that  vertebra,  according  to  Professor  Miiller's  observation 
in  a  foetal  foal  *• 

The  diverging  appendages  of  the  haemal  arch  in  the  abdominal  vertebra  of 
fishes  present  the  form  of  long  and  slender  spines  (fig.  I7>  a  a),  usually  at- 
tached to,  or  near  the  head  of  the  ribs,  and  extending  upwards,  outwards 
and  backwards,  between  the  dorsal  and  lateral  portions  of  the  muscular 
segmeDts,  to  which  they  afford  a  firmer  fulcrum  or  basis  of  attachment; 
acting,  therefore,  as  so  many  pairs  of  rudimental  and  concealed  limbs.  They 
are  termed  the  ^obere  rippe'  by  Meckel,  and  at  the  fore-part  of  the  abdomen 
of  the  polypterus  they  are  stronger  than  the  pleurapophyses  themselves. 
As  the  vertebrae  approach  the  tail  these  appendages  are  often  transferred 
gradually,  from  the  pleurapophysis  to  the  parapophysis,  or  even  to  the  cen- 
trum and  neural  arch. 

In  the  air-breathing  vertebrata,  in  which  the  heart  and  breathing  organs 
are  transferred  backwards  to  the  trunk,  the  corresponding  osseous  segments 
of  the  skeleton  are  in  most  instances  developed  to  their  typical  complete- 
ness, m  order  to  encompass  and  protect  those  organs.  The  thoracic  hsemapo- 
physes  in  the  crocodiles  are  partially  ossified,  and  in  birds  (iRg.  15,  k,  k)  com- 
pletely so;  in  which  class  the  heemal  spines  of  the  thorax  (hs)  coalesce  together, 
beoooke  much  expanded  laterally,  and  usually  develope  a  median  crest  down- 
wards to  increase  the  surface  of  attachment  for  the  great  muscles  of  flight. 
This  speciality  is  indicated  by  the  name  '  sternum  *  applied  to  the  confluent 
dements  in  question.  The  abdominal  hsemapophyses  and  spines  retain  their 
primitive  aponeurotic  condition,  though  still  preserving  their  characteristic 
expansion  t*  In  the  crocodiles  and  enaUosaurs  the  abdominal  haemapophyses 
are  also  ossified;  and,  in  the  latter,  they  manifest  the  same  composite  character 
which  has  been  noticed  in  the  pleurapophyses  of  the  sturgeon,  consisting  of 
diree  or  more  pieces,  which  overlap  each  other  t*  The  abdominal  haemal 
spines,  in  the  Plesiogaurtu  Hawhinsii^  are  transversely  extended,  they  are 
marked  e  c  in  the  figure  quoted  below :  the  compound  haemapophyses  them- 
sdvesare  marked  bbm  the  same  figure. 

The  typical  thoracic  vertebrae  of  most  birds  support  diverging  appendages 
(fig.  15,  a,  a)»  either  anchylosed  or  articulated,  as  in  the  penguin  and  apte- 
ryx,  to  the  posterior  border  of  the  pleurapophysis  (jd).  The  function  of  the 
appendages  in  this  form  of  typical  vertebra  is  to  connect  one  haemal  areh 
with  the  next  in  succession,  so  as  to  associate  the  two  in  action,  and  to  give 
firmness  and  strength  to  the  whole  thoracic  cage.  (A  portion  of  the  next 
rib  so  overiapped  is  shown  at />/,  a,  fig.  15.) 

With  regard  to  the  connections  of  the  pleurapophyses,  we  have  seen  that, 
in  fishes,  they  may  be  directly  attached  to  the  centrum,  or  to  the  ends  of  the 
parspophyses  (fig.  17»/>)»or  they  may  be  quite  detached  from  their  proper  seg- 
ment, and  suspended  to  the  haemal  arch  of  an  antecedent  vertebra,  as  in  the 
case  of  the  clavicle  or  epicoracoid,  no.  as.  In  batrachians,  ophidians,  and 
laoertians,  the  proximal  end  of  the  pleurapophysis  is  simple,  as  in  fishes, 
but  is  articulated  to  an  exogenous  tubercle  or  transverse  process  from  the 

*  Ya^gleidiende  Aoatomie  der  Myxlnoiden.    Abhand.  Akad.  der  '^asensch.    Berlin, 
1834,  p.  106. 
t  Mjology  of  Apteryx,  Zoological  Transactions,  irol.  iii.  pt.  iv.  pi.  35,  ^,  ^. 
X  Bockland,  Bridgewater  Treatise,  vol  ii.  pi.  18,  fig.  3. 
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•ide  of  the  ceDtram  or  the  base  of  the  neural  arch*  called  *  diapophysisy'  a  di- 
atiDct  part  from  the  autogenoos  parapophyses  in  fishes.  The  anterior  verte- 
brae of  crocodiles  have  ao  exogenous  inferior  transverse  process  from  the  side 
of  the  centrum,  answering  to  the  'parapophysis,*  as  well  as  an  upper  transverse 
process  or  <  diapophysis '  developed  from  the  base  of  the  neurapophysis :  and 
the  proximal  end  of  the  pleurapophysis  bifurcates  and  articulates  with  both 
transverse  processes,  circumscribing  with  them  a  foramen  at  the  side  of  the 
centrum.  The  same  structure  obtains  in  the  cervical  and  anterior  thoracic 
vertebre  of  birds  and  mammals:  thus  the  rib  (pi)  in  fig.  15  articulates  to  the 
parapophysis  p  and  the  diapophysis  d.  Very  few,  however,  of  the  thoracic 
ribs  in  the  cetaceans  offer  this  structure ;  the  first  or  second  may  reach  the 
centrum,  but  the  rest  are  appended  to  the  ends  of  the  long  diapophyses,  and 
a  character  of  affinity  to  the  saurians  is  thus  manifested.  The  cervical  re- 
gion b  distinguished  by  the  brevity  of  the  pleurapophyses  and  the  absence 
of  bony  hcemapophyses,  in  saurians,  birds,  and  mammab ;  but  in  the  warm* 
blooded  classes  the  short  floating  vertebral  ribs  soon  anchylose  to  the  diapo- 
physes and  parapophyses,  and  constitute  thereby  the  '  anterior  roots  of  the 
perforated  transverse  process'  of  anthropotomy'*'.  The  cervical  pleorapo- 
physes  are  indicated  diagrammatically  at  ply  in  the  neck  of  the  embryo  skele- 
ton (fig.  25):  those  of  the  seventh  cervical  vertebree  sometimes  attain  in 
the  human  subject  proportions  which  acquire  for  them  the  name  of  '  ribs.' 
The  pleurapophyses  retain  their  moveable  articulation  in  the  ninth,  and 
sometimes  the  eighth,  vertebrae  of  the  elongated  neck  of  the  three-toed 
sloths  t« 

The  thoracic  or  dorsal  vertebras  of  mammalia  are  characterised  by  the  free  ar- 
ticulations of  the  pleurapophyses  (fig.  25,  pi)  :  most  of  these  are  much-elon- 
gated, and  most,  if  not  all,  support  haemapophyses  (ib.  h) ;  which,  in  a  greater 
or  less  number  of  the  anterior  vertebrae,  articulate  with  haemal  spines  (ib.  ks)^ 
completing  the  arch :  these  spines  commonly  remain  distinct,  and  are  called, 
some  '  stemebers,'  others  *  manubrium,'  and  '  xiphoid  appendage,'  and  to- 
gether they  constitute  the  '  sternum.'  In  most  mammals  the  thoracic  haema- 
pophyses  are  cartilaginous :  they  become  ossified  in  Das^pus^  Myrmecopkag(h 
the  megatherioids  and  monotrenies.  The  hinder  pleurapophyses,  which  pro- 
gressively diminish  in  length,  also,  usually  become  simply  suspended  to  the 
diapophyses :  all  the  ribs  are  so  attached  in  JBakena  longimanoy  according 
to  Rudolphi.  The  lumbar  vertebrae,  which  in  some  mammals  show,  in  the 
foetal  state,  distinct  rudiments  of  pleurapophyses  more  minute  than  those 
in  the  neck,  have  them  soon  anchylosed  to  the  extremities  of  the  diapo- 
physes, which  are  thus  elongated ;  and  the  vertebra  is  characterized  in  anthro- 
potomy  as  <  having  no  ribs,  but  simple  imperforate  transverse  processes.'  The 
haemapophyses  of  these  segments  of  the  skeleton  are  represented  by  the 
Mnscriptiones  teudineae'  (fig.  25,  h")  ;  they  do  not  advance  even  to  the  state 
of  cartilage,  but  retain  the  primitive  condition  which  they  presented  in  the 
corresponding  part  of  the  trunk  in  fishes. 

If  a  vertebra  succeeding  the  lumbar  or  abdominal  ones  have  its  haemal 
arch  completed,  as  in  the  thorax,  by  pleurapophyses  and  haemapophyses, 
with  diverging  appendages,  forming  the  'pelvic  arch  and  hind  or  lower 
limbs,'  it  is  called  a  '  sacrum  '  (fig.  28,  d',  h,  a).  If  two  or  more  vertebrae 
anchylose  together,  without  such  completion  of  the  typicid  character,  they 
likewise  are  said  to  form  a  '  sacrum,'  of  which  an  example  may  be  found  in 

♦  Meckel,  Archivflir  Physiologic,  B.  i.  tl815)  p.  594,  pi.  ri.  fig.  12,  e ;  and  System  der  Vcr- 
glcichend.  Anstomie,  B.  ii.  p.  294. 
t  Prof.  Th.  Bell,  Trans.  Zool.  Society,  i.  p.  115.  pi.  116,  a,  b. 
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the  two  or  three  anterior  caodal  Tertebre  of  certain  flat-ftihe«  (Pfeuro- 
neetkkB^)^  characterized  as  usual  bj  the  simple  parapophysial  hcemal  arch* 
In  most  air-breathing  vertebrates  the  sacrum  is  characterized  by  both  modifica- 
tions, which  are  carried  out  to  their  extreme  in  birds :  in  no  other  class  is  so 
lar^e  a  proportion  of  the  vertebral  column  converted  into  a  '  sacrum '  by 
coalescence  (e.  g.  seventeen  vertebrae  in  Struihio) :  in  none  is  the  diverging 
appendage  developed  to  such  enormous  proportions  (e,  g,  Apieryzy  IHnomi§)* 
The  centrums  of  the  middle  sacral  vertebrae  (fig.  STi  c  i-^)  are  expanded 
transversely,  but  depressed,  and  converted  into  horizontal  plates  :  the  neur- 
apophyses  (ib,  n  i-^)  are  lofty,  expanded,  and  arch  over  the  dilated  part  of 
the  neural  canal,  lodging  the  great  sacral  enlargement  of  the  myelon,  with 
its  ventricle.  In  the  young  ostrich,  before  the  general  anchylosis  is  completed, 
the  bases  of  these  neurapophyses  are  found  to  cross  the  interspaces  of  the 
centrums,  and  to  rest  equally  upon  two  of  those  elements.     'J'his  modifica- 
tion was  retained  throughout  life,  unobliterated  by  anchylosis,  in  the  sacrum 
of  the  extinct  dinosaurs  {Iguanodon,  Megahsaurus^  Hglmo§aurut),  and  it 
obtains  in  the  dorsal  vertebra  of  the  chelonians.    The  adjoining  portions 
of  the  centrums  and  neurapopbysis  extend  outwards  into  a  short  parapo- 
physia,  which  affords  an  articular  surface  of  three  facets  for  the  short  pleur- 
apophysis.   One  of  these  elements  is  figured  in  situ  at  ply  fig.  27  ;  it  expands 
at  its  distal  end,  and  coalesces  there  with  the  contiguous  pleurapophyses : 
the  long  diapophyses  (d,  d)  abut  against  the  inner  side,  and  the  ilium  applies 
itself  to  the  outer  side  of  these  expanded  and  anchylosed  ends  of  the  short 
sacral  ribs.    The  spinous  processes  of  the  sacral  vertebrse  («,  s)  are  developed 
aatero-posteriorly,  and  soon  coalesce  into  a  lofty  longitudinal  crest  of  bone. 
In  the  ehelonians,  the  dorsal  spines  develope  horizontal  plates  from  their  ex- 
tremities, which  unite  by  suture  to  the  similarly  united  and  expanded  pleura- 
pophyses,  forming  with  them  the  *  carapace.'    The  '  plastron  *  is  formed  of 
the  flattened  and  expanded  haemal  spines,  which  are  divided  in  the  middle 
line,  and  have  an  intercalated  bone  (entostemal)  between  the  halves  of  the 
central  pieces.    Professor  Miiller  has  noticed  the  sacral  pleurapophyses  in 
the  human  and  other  mammalian  embryos  t> 

As  the  segments  of  the  endo-skeleton  approach  the  end  of  the  tail,  in  the 
air-breathing  vertebrates,  they  are  usually  progressively  simplified ;  first  by 
the  diminution,  coalescence  and  final  loss  of  the  pleurapophyses ;  next  by  the 
limilar  diminution  and  final  removal  of  the  haemal  and  neural  arches ;  and 
sometimes  also  by  the  coalescence  of  the  remaining  central  elements,  either 
into  a  long  osseous  style,  as  in  the  anourous  batrachia,  or  into  a  shorter 
flattened  disc  *'  which  has  the  shape  of  a  ploughshare  Xt'  as  in  many  birds. 
The  coalesced  representative  of  the  terminal  vertebral  centrums  is  developed 
principally  from  the  outer  layer  of  the  fibrous  capsule  of  the  primitive  noto- 
chord.  In  fishes,  however,  the  seat  of  the  terminal  degradation  of  the  verte- 
l^  column  is  first  and  chiefly  in  the  central  elements,  which,  in  the  homo- 
<^rcals§,  are  commonly  blended  together  and  shortened  by  absorption,  whibt 
both  neural  and  haemal  arches  remain,  with  increased  vertical  extent,  and 
indicate  the  number  of  the  metamorphosed  or  obliterated  centrums. 

*  Himterian  Lectures  on  Vertebrata,  1646,  p.  66,  fig.  82. 

t  "  Sdbst  am  Kreuzbeine  mehrere  Thiere  giebt  es  noch  tbgesonderte  Querfortsatze  oder 
Hippenrudimeiite." — Anttomie  der  Myxinoiden,  heft  i.  1834,  p.  239. 

t  **  La  demi^re  de  toutes  (des  vertebres  de  la  queue),  i  laqudleles  pennes  sent  attaches, 
est  plni  grande  et  a  la  forme  d'un  soc  de  charrue,  ou  d'un  disque  comprim^ : — dans  le  jeune 
ige,  eUe  est  Mdemment  compost  de  plusieurs  vertebres."— Cuvier,  Lecons  d'Anat.  Comp. 
2d  ed.  i.  p.  208,  and  "  Lawrence's  Blumenbach's  Ck>mpantiYe  Anatomy,   ed.  1827,  p.  62. 

$  M.  Agasiiz'  expressive  name  for  the  fish  with  a  symmetrical  bilobed  tail. 
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Summary  of  modifioMUons  of  corporal  verfe&ne.— To  sum  up  the  kind  and 
degree  of  modification  to  which  the  several  elements  of  the  primary  a^ments 
of  the  endoskeleton  of  the  trunk  are  subject,  without  masking  their  general 
homology » we  may  commence  with  the  centrum  \  and  first,  as  to  its  existence. 
It  is  wanting,  as  an  ossified  part,  in  the  atlas  of  the  wombat  and  koala*,  in 
which  it  remains  permanently  cartilaginous:  in  the  petaurists,  kangaroos, 
and  potoroos,  ossification  extends  from  the  bases  of  the  neurapophyses  into 
this  cartilage,  but  the  neural  arch  or  ring  lonr  remains  inteitupted  by  a  me- 
dian fissure  below.  In  man  the  rudimental  body  of  the  atlas  is  sometimes 
ossified  from  two  or  even  three  distinct  centres  t*  The  centrums  at  the  oppo- 
site extremity  of  the  vertebral  column  in  homocercal  fishes  are  rendered  by 
centripetal  shortening  and  bony  confluence  fewer  in  number  than  the  per- 
sistent neural  and  haemal  arche3  of  that  part  The  centrums  do  not  pass 
beyond  the  primitive  stage  of  the  notochord  in  the  existing  lepidosiren,  and 
retained  the  like  rudimental  state  in  every  fish  whose  remains  have  been  found 
in  strata  earlier  than  the  permian  sera  in  Greology,  though  the  number  of 
vertebrae  is  frequently  indicated  in  Devonian  and  Silurian  ichthyoUtes  by  the 
fossilized  neur-  and  heem-apophyses  and  their  spines}.  The  individuality  of 
the  centrums  b  sometimes  lost  by  their  mutual  coalescence  without  short- 
ening. 

Although  the  normal  form  of  the  centrum  is  cylindrical,  it  may  be  cubical, 
conical,  hour-glass  shaf>ed,  like  a  longitudinal  bar,  like  a  transverse  bar,  like 
a  depressed  or  a  compressed  plate,  like  a  ploughshare,  &c  The  co-adapted 
terminal  surfaces  of  the  centrum  may  be  flat,  slightly  concave,  deeply  con- 
cave, cupped  or  conical,  concave  vertically  and  convex  transversely  at  one 
end  and  the  reverse  at  the  other  end$ ;  or  the  fore-end  may  be  concave  and 
the  hind-end  convex || ;  or  the  reverse^  ;  or  both  ends  may  be  convex**; 
or  both  ends  produced  into  long  pointed  processes  with  intervening  deep  fis- 
sures, so  as  to  interlock  together  by  a  deeply  dentated  sutural  surfacetf. 

The  centrum  may  be  quite  detached  from  its  neural  arch  (atlas  of  stluroid 
and  many  fishes),  and  from  its  haemal  arch  (atlas  of  most  fishes). 

The  centrum  may  develope  not  only  parapophyses  but  inferior  median 
exogenous  processes,  either  single,  like  those  of  the  cervical  vertebrae  of 
saurians  and  ophidians  (which  in  Deirodcn  scaber  perforate  the  oesophagus, 
are  capped  by  dentine, and  serve  as  teeth  tt);  or  double  (atlas  of  S%idt8  gigcu^^ 
and  the  lower  cervical  vertebrae  of  many  birds) ;  or  the  fibrous  sheath  of  the 
notochord  may  develope  a  continuous  plate  of  bone  beneath  two  or  more  nuclei 
of  centrums,  formed  by  independent  ossification  in  the  body  of  the  notochord ; 
these  nuclei  being  partially  coherent  to  the  peripheral  or  cortical  plate.  The 
vertebral  centrum  often  shows  the  principle  of  vegetative  repetition  by  its 
partial  ossification  in  the  form  of  two  or  three' bony  rings,  which  answer  to  a 
single  neural  arch  (//i^ptoncAt»||||),  or  by  three  osseous  discs,  onevfor  each 

*  Art.  Marrapialia,  Cyclopaedia  of  Anatomy  and  Physiology,  vol.  iiL  p.  277,  fig.  99. 
t  Meckel,  Archly  f  iir  PhysioL  i.  taf.  vi.  fig.  1. 

X  See  the  admirable  Monograph  by  Agaaaia,  Sur  lea  Poisaom  Fosnles  du  SysUme  D^- 
vomen,  4to,  1646.  ^  §  Most  birda. 

II  Existing  sauriana  and  ophidians. 

5f  Extinct  saurian  called '  Streptotpcndyhuf  existing  Satammdraf  LqneUf9ietu. 
«*  4th  cervical  of  Emyt,  Bojanns,  Anat.  Test.  Europ.,  tab.  xiv.  fig.  51, 4.    Ist  candal  of 

crocodile, 
ft  Cervicals  or  anterior  trunk-vertebrsB  of  FithUaria. 
%X  Jourdan,  dted  in  Cuvier's  Le9ona  d'Anat.  Compar^e,  ed.  1835,  p.  340,  and '  Odonto- 

fhraphy,'  p.  179.  .  i 

7§  Agassiz  in  Spix.  Pisces  Brasilienses,  iiOy  1829,  p.  6,  tab.  B,  fig.  8. 
nil  MiiUer  and  Agassiz,  in  Recherches  sur  les  Poissons  Fossilcs,  t.  iii.  tab.  40*»,  fig.  1. 
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arCieolar  mirbee,  and  a  thicker  intermediate  piece,  as  in  all  foetal  mammaU, 
and  dttoaglMMit  life  in  some  cetaceans. 

With  lespeet  to  function,  the  centrum  forms  the  axis  of  the  Tcrtebral 
column,  and  commonly  the  central  bond  of  union  of  the  peripheral  elements 
of  the  Tertebra:  as  a  general  rule  it  supports,  either  immediately  or  through 
the  medinm  of  the  af^rozimated  or  conjoined  bases  of  the  neurapophyses, 
the  nemial  axis  (in  the  trunk  called  royekm,  or  spinal  marrow,  and  its  mem* 
biaaes) ;  the  terminal  centrums  being  usually  depriyed  of  this  function  by 
the  withdrawal  of  that  axis  from  them  in  the  course  of  its  centripetal  or  con* 
oentntiTe  BKivement. 

The  ngmrapop^9es  are  more  constant  as  osseous  or  cartilaginous  elements 
of  the  vertebras  tkum  the  centrums;  but  they  are  absent,  under  both  histolo* 
gicil  eondilkNM,  at  the  end  of  the  tail  in  most  air-breathing  vertebrates,  where 
the  segBMBts  are  reduced  to  their  central  elements.  The  neurapophyses  lose 
tfadr  primitive  individuality  by  various  kinds  and  degrees  of  confluence ;  as 
e.  g,  fint,  of  the  bases  of  each  pair  with  their  supporting  centrum ;  secondly, 
of  the  apices  of  each  pair  with  one  another  and  with  the  neural  spine, — the 
kpidoaireQ  aflbrding  a  rare  exception  of  the  persistent  individuality  of  this 
element  and  of  each  neurapophysis  throughout  the  trunk ;  thirdly,  of  two 
or  more  nearal  arches  with  one  another,  as  in  the  neck  of  some  fishes,  cetacea, 
sad  armadilloa,  and  in  the  sacrum  of  birds  and  mammals ;  where  they  also 
often  coalesce  with  the  pleurapophyses,  as  they  do  in  the  neck  of  most  mam- 
mals and  l»rds.  The  neurapophyses  rarely  depart  from  the  form  of  plates, 
either  brood  or  high,  or  both  ;  sometimes  they  are  straight,  sometimes  arched, 
WMBPtimfw  bent;  sometimes  by  the  inward  extension  of  their  bases,  they  form 
together  a  bonv  ring  above  the  centrum,  excluding  both  that  and  the  spine 
from  the  neural  canal.  The  neurapophyses  may  develope,  as  exogenous  pro- 
ccwes^  other  diapophyses  or  zygapophyses,  and  the  latter  are  sometimes 
doable  from  both  the  anterior  and  posterior  borders  of  the  plates ;  as  e.  ^.  in 
the  veitebras  of  BhigUj  in  some  serpents,  and  in  the  lumbar  vertebrae  of  some 
nwmmalsi  The  observed  extent  of  variation  of  position  of  the  neurapophyses 
b  froBi  the  upper  sur&ce  of  their  own  centrum  to  above  the  next  intervertebral 
^Mce,  so  as  to  rest  equally  on  two  centrums ;  or  they  may  be  uplifted  bodily 
from  their  centrum,  and  wedged  or  suspended  between  the  two  contiguous 
oeural  arches,  as  e.  ^.  in  the  aUas  of  ephippus  and  other  deep-bodied  fishes. 

£x«e|it  in  the  cartilaginous  neurapophyses  of  the  sturgeon,  I  am  not  aware 
of  any  instanee  of  the  subdivision  of  this  element  into  two  pieces,  placed 
vertioatty  upon  each  other.  Some  plagiostomes  show  the  principle  of  vegetative 
repetition  in  two  or  three  star-like  centres  of  ossification,  side  by  side,  in  the 
priaiitive  basis  of  the  neurapophvsis,  but  the  second  of  the  two  cartilaginous 
f^ates  on  each  side  of  the  neural  canal,  coextensive  with  the  single  centrum, 
in  moot  sharks,  which  second  piece  has  the  form  of  a  wedge  with  the  small 
end  directed  down  over  the  intervertebral  space,  seems  to  answer,  as  Prof. 
MuUer  has  suggested,  to  the  intercalary  or  int^veural  piece  in  bony  fishes. 

The  most  constant  functional  rehition  of  the  neurapophysis  is  to  protect 
the  spinal  nerve  in  its  exit  from  the  i^inal  canal,  either  by  a  direct  perfora- 
tion of  the  neurapophvsis  (many  fishes,  and  some  mammab),  by  a  notch  in 
the  margin,  or  by  the  interspace  between  two  neurapophyses.  This  function 
alone  is  peilbrmed,  in  reference  to  the  nervous  system,  at  the  posterior  part 
of  the  vertebral  column  in  many  animals,  where  the  place  of  the  shortened 
mydon  is  occupied  by  the  lengthened  roots  of  the  nerves :  in  the  rest  of  the 
traak  the  neurapophyses  protect  also  the  neural  axis.  The  original  relation 
of  each  neuraplsphysis  to  the  segments  of  that  axis  is  determined  by  the  place 
of  connection  of  the  perforating  nerve  with  the  shortened  myel<m. 

1846.  T 
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The  neural  spine  commonly  retains  in  the  trunk  the  form  indicated  by  its 
name  ;  but  in  the  atlas  of  the  crocodile,  where  it  is  distinct  from  the  neur- 
apophyses,  it  is  a  depressed  plate.  In  the  thorax  and  abdomen  of  cheJonians 
it  becomes  sdll  more  expanded  and  flattened,  and  its  borders  unite  by  dentated 
suture  to  contiguous  spines  and  to  the  similarly  expanded  pleurapophyses. 
The  neural  spine  is  absent  in  the  thin  annular  cervicals  of  the  mole ;  it  is 
unusually  developed  and  forms  a  thick  square  columnar  mass  of  bone  in  the 
cervicals  of  the  opossum.  It  is  double  in  the  anterior  vertebrae  of  some 
fishes:  in  the  barbel  one  stands  before  the  other;  in  the  tetrodon  they 
stand  side  by  side :  and  various  other  minor  modifications  of  this  peripheral 
element  might  be  cited. 

The  parapaj^yses  of  the  trunk-vertebrs  manifest  their  autogenona  cha- 
racter in  fishes  alone;  and  in  most  species  the  character  is  soon  lost,  the  par- 
apophyses  becoming  confluent  with  the  centrum  ;  and,  in  the  tail,  either  with 
the  pleurapophyses  also,  or  with  each  other  and  the  haemal  spine,  thus  oomple- 
ting  the  haemal  canal  (fig.  16).  Amongst  air-breathing  vertebrates  the  par- 
apophyses  of  the  trunk-segments  are  present  only  in  those  species  in  which 
the  septum  of  the  heart's  ventricles  is  complete  and  imperforate,  and  here 
they  are  exogenous  and  confined  to  thecervical  and  anterior  thoracic  vertebrae, 
or  to  the  sacrum  (as  in  the  ostrich,  figs.  15  and  27,  p).  The  parapophyses  &re 
subject  to  a  certain  extent  of  variation  as  to  form :  they  are  either  mere 
tubercles;  or  simple,  shorter  or  longer,  transverse  processes ;  or  they  may  take 
the  form  of  long  plicated  laminae  (in  the  tails  of  some  pleuronectidae):  they 
are  longer  and  broader  than  the  pleurapophyses  in  the  cod-tribe ;  and  are 
sometimes  much  expanded  in  the  anterior  vertebrae  of  fishes,  where  they 
ascend  in  position,  and  in  the  siluroid  species  above  described,  coaleace  to 
form  a  broad  outstanding  ridge,  directed  outwards  and  a  little  upwards^  and 
rising  as  they  approach  the  cranium,  where  they  are  joined  by  dose  suture  to 
the  paroccipitals. 

The  normal  function  of  the  parapophyses  is  to  give  attachment  to  mnacles 
and  articulation  to  ribs,  and,  occasionally,  additional  strength  and  fixation  to 
anchylosed  portions  of  the  vertebral  column.  As  a  rare  and  exceptional  in- 
stance, the  expanded  and  excavated  parapophyses  of  the  second  and  third 
vertebrae  in  the  genus  CcbitU  perform  an  office  closelv  analogous  to  one  of 
those  of  the  mastoid  in  man,  since  they  inclose  air-cells  brought  into  com- 
munication with  the  acoustic  labyrinth  by  a  chain  of  small  ossicles :  and  these 
singularly  modified  rudiments  of  the  swim-bladder  seem  to  have  no  other  func- 
tion in  the  groveling  loaches  than  that  in  connection  with  the  sense  of  hearing. 

The  pkunffophyses  sre  less  constant  elements  than  the  neurapophyses ; 
they  exist  as  free  appendages  or  '  floating  vertebral  ribs '  in  the  trunk,  and 
sometimes  at  the  fore-part  of  the  tail,  in  fishes,  serpents,  and  certain  liatra- 
chians  (fig.  28,  pi).  The  atlas  has  its  pleurapophyses  in  most  fishes,  but  they 
are  often  detached  from  their  centrum,  and  sometimes  joined  to  long  bony 
haemapophyses,  as  is  well-seen  in  the  Argyreiagus^  and  other  deep-bodied 
scomberoids.  Ossified  haemapophyses  are  not  present  in  any  other  vertebrae 
of  the  trunk  in  fishes.  In  batrachians  the  pleurapophyses  of  the  single  pelvic 
vertebra  are  similarly  connected  with  haemapophyses,  and  the  costal  arch  is 
there  completed.  In  the  menopome,  the  pleurapophysial  clement  of  the  sacrum, 
ib.pl'^  is  ossified  from  two  centres.  Such  typical  vertebrae  are  more  common 
in  the  higher  air-breathing  classes.  Here  the  pleurapophyses  have  generally 
the  long  and  slender  form  understood  by  the  word  *  rib ;'  but  they  expand  into 
broad  plates  in  the  thorax  of  the  apteryx,  in  the  anterior  thoracic  vertebra  of 
whales,  and  more  especially  in  the  carapace  of  chelonians,  where  they  are 
joined  to  each  other  by  suture,  and  also  to  the  expanded  neural  spines.  These 
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broad  plennqiophjm  ore  occanonallj  owified  from  two  centre*  in  llie  gmX 
Und-tortcHiei  of  India  aud  tbe  Galapagos  islet.  The  free  extremities  of  the 
abort  cerrieal  pleurapophyaea  of  croccxljle*  and  pleaioiaura  are  expanded  and 
produced  forwarda  and  backward*,  like  ase-bladea,  whence  tbe  name  of 
'  hatcbet-bonea,'  applied  to  them  prior  to  the  rect^itioa  of  their  true  homo- 
logf. 

Tbe  plenrapophyBea  are  appended  aomctimea  simply  to  the  ends  of  par- 
apopbpea;  aometimea  to  the  endaof  diapophyses;  aometimei  by  a  head  and 
toberde  to  both  kinds  of  tnmsverse  processes ;  sometimes  directly  to  the 
ade  of  the  centmm;  and  sometimes  they  are  shifted  backwards  over  the  in* 
torertebral  space,  and  are  articulated  equally  to  two  centrums  (human 
thorax),  and  aometimes  to  two  centrums,  to  a  neurapophysts  and  to  a  long 
diapt^yaia,  as  in  the  sacrum  of  the  ostrich  (&g.  27,  pi)-  In  the  atlaa  of 
tome  fishes  the  pleurapophysis  is  detached  rrom  its  centrum,  and  is  suspended, 
with  its  bsemapophysis,  fVom  the  antecedent  haemal  arch  (scapulo-coracoid). 
Id  some  stnrgeons  tbe  abdominal  pleurapopbyses  are  composed  of  two  or 
BMve  eartilaginons  pieces.  I  have  observed  some  of  the  expanded  plenrapo- 
pbyaes  in  the  great  Tettudo  dtptiantopu*  ossified  from  two  centres,  and  the 
rasnltiog  divisions  continuing  distinct  but  united  by  suture.  The  pcWio 
pleurapophysis  is  in  two  pieces,  as  a  general  rule  (fig.  28,  pP  attached  to 
&  ) ;  and  the  lower  piece  is  the  seat  of  that  most  common  and  simple  kind 
of  modification,  viz.  increase  of  size  with  change  of  form  from  the  cylindrical 
to  a  flat  bone  (as  indicated  by  the  dotted  line  in  fig.  27),  whereby  it  come* 
into  connection  with  the  pleurapopbyses  of  other  vertebrta  besides  the  proxi- 
mal piece  of  its  own ;  such  pleurapopbyses  having  their  development  stunted 
so  as  not  to  exceed  in  size  the  proximal  portion  of  the  pelvic  pleurapophysis, 
whose  expanded  diatal  portion  (m)  receives  the  special  name  of  '  ilium.'  This 
bone  retains  its  rib-like  shape  however  in  the  cbelonians,  as  in  thebatrachians: 
in  moat  species  it  unites  below  with  two  hsemapopbyses,  called,  on  account 
irf  tbeir  modifications  of  form  and  proportions,  'uchium  '  and  '  pubis.'  The 
plompophyses  defend  the  hsmal  or  visceral  cavity ;  they  are  tbe  fulcra  of 
the  moTiDg  powers  which  expand  and  contract  such  cavity  in  respiration, 
wben  its  walls  admit  of  those  movements  ;  they  frequently  support '  diverging 
appendages,'  and  give  origin  to  muscles  moving  such  appendages,  or  acting 
DpoD  tbe  vertebral  column.  In  some  exceptional  cases  the  pleura pnphy sea 
become,  themselves,  locomotive  organs,  as  in  serpents  and  the  Draeo  ooleuu. 

The  A«)Mqpop^Ks,  as  osseous  elements  of  a  vertebra,  are  less  constant  than 
the  plenrapopbyses ;  although  they  sometimes  exist  in  segments,  t.  g.  the 
lumbar  Tcrtebrss  of  certwn  saurians,  and  in  the  caseof  the  ischium,  or  second 
pelvic  hnmapophyeis,  in  which  the  corresponding  pleurapopbyses  are  absent, 
or  abort,  or  aocfayloaed  to  the  transverse  processes.  Tbe  only  true  bony 
bcmapopbysea  in  the  trunk  of  fitbes  appear  to  be  those  of  the  atlas,  forming 
the  lower  piece  of  the  epicoracoid ;  and  of  the  laat(7)  abdominal  vertebra, 
forming  the  ischial  or  pubic  inverted  arch  supporting  tbe  appendages  called 
'  ventisi  fins-'  It  is  at  least  to  the  last  abdominal  vertebra  solely  that  the 
bomcdogoiis  arch  and  appendages  are  connected,  by  tbe  medium  uf  the 
piennqwphyaea  (iliac  bones)  in  the  batrachians,  and  it  needs  but  tin-  ri>movaI 
of  tbe  pleurapophysis,  or  of  its  second  complementary  portion  (;>/'  in  tig. 
28),  to  reduce  that  vertebral  segment  to  the  condition  which  it  pres.  ur?  in  an 
abdomiDal  fish.  The  so  liberated  inferior  (beemapophyBtal)  portir^i  nl'  iIjc 
pelvic  (last  abdominal  coatal)  arch  is  subject,  in  fishes,  tochangesi.it  |H<^iiiiin 
far  more  extensive  than  have  been  observed  in  tbe  neurapophyscs  ■>!■  (>lt'iir- 
^lopbyaes  of  the  trunk- vertebra,  without  however  preventing  the  recogniiion 
of  tbe  segment  to  which  such  shifted  hgemapophyses  actually  and  essentially 
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belong.  The  homologous  haemal  arch  exists  in  the  same  A-ee  and  detached 
condition  in  cetaceans  and  enaliosaurs ;  but  in  all  other  air-breathing  verte* 
brates  it  is  connected  with  the  iliac  bones  and  completes  the  typical  characler 
of  the  proper  sacral  vertebra.  The  bony  haemapophyses  of  the  lumbar  vertebrae 
are  found  suspended  in  the  fleshy  abdominal  wadU  of  certain  saurians :  but  in 
the  region  of  the  thorax  in  these  and  higher  vertebrates,  the  hsemapophysis 
(fig  15,  A)  articulates  by  one  end  to  the  pleurapophysis  (pi)  and  by  the 
other  to  the  haemal  spine  (sternal  bone,  hs) ;  or  its  lower  end  is  attached  to  a 
contiguous  haemapophysis  ;  or  it  is  suspended  freely  from  the  pleurapophyses 
(as  in  the  '  floating  ribs '  of  man  and  manunals),  or  it  may  be  joined  below 
to  the  sternum,  and  have  its  upper  end  free,  as  in  the  seventh  dorsal  vertebra 
of  the  Ciconia  Argala.  When  the  upper  end  of  the  haemapophysis  articulates 
with  the  pleurapophysis  in  birds,  it  is  usually  by  a  distinct  condyloid  joint, 
with  smooth  articular  cartilage  and  a  synovial  capsule. 

Where  haemapophyses  exist  in  the  tail,  they  articulate  directly  to  the 
under  part  of  the  centrum,  or  to  two  centrums  at  the  intervertebrtil  apace ; 
and  are  either  free  at  the  opposite  end,  as  in  some  caudal  vertebra  of  aer* 
pents  and  in  those  of  the  enaliosaurs,  or  they  are  confluent  with  each  other 
at  their  distal  ends ;  when  each  pair  of  haemapophyses  forms  the  so-called 
V-shaped  or  chevron-bone.  The  changes  of  position  of  that  detached  '  pubic 
arch '  or  '  chevron-bone '  which  supports  the  ventral  fins  in  fishes  afforded 
Linnaeus  the  characters  of  the  orders  '  Abdominales,'  '  Thoracici,'  and 
*Jugulares'  in  the  *  Systema  Naturae ';  and  its  immortal  author,  in  giving  the 
name  '  Apodes '  to  those  fishes  in  which  the  ventral  fins  were  absent,  con- 
cisely indicates  his  perception  of  their  relation  to  the  hind-legs  of  batrachia 
and  the  lower  limbs  of  man.  If,  then,  mere  change  of  relative  position^ 
however  extensive,  failed  to  conceal  the  special  homology  of  the  detached  por- 
tion of  the  pelvic  arch  and  its  appendages  from  the  keen-sighted  natondtst, 
still  less  ought  such  a  character  to  blind  the  philosophic  anatomist  to  the 
general  homology  of  such  detached  vertebral  elements,  or  prevent  his  tracing 
them,  wherever  he  may  find  them,  to  the  remainder  of  their  proper  segment; 
especially  when  its  place  is  so  clearly  and  beautifully  indicated,  as  it  is  by  the 
condition  of  the  pelvic  arch  in  the  perennibranchiate  reptiles  (fig.  28). 

The  function  of  the  haemapophyses  is  to  complete,  with  or  wi^out  a  haemal 
spine,  the  haemal  arch  of  the  vertebral  segment ;  and,  in  so  far  to  protect  the 
haemal  or  visceral  cavities  and  support  their  contents.  They  give  attachment 
to  the  lower  or  ventral  portions  of  the  primary  muscular  segments  *  myo- 
commata'*,  called  <  intercostals*  in  the  thorax,  and  'recti  abdominis'  in  the 
abdomen  of  the  higher  vertebrata;  and  they  thus  serve  as  fulcra  to  the 
muscles  that  expand  and  contract  the  abdominal  or  thoracic-abdominal  cavity : 
and  sometimes  more  directly  aid  in  these  movements  by  the  elasticity  resulting 
from  an  arrest  in  their  histdogical  development  at  the  cartilaginous  stage,  e^p. 
in  the  thorax  of  most  mammals.^  Haemapophyses  may  support  or  aid  in  sup- 
porting diverging  ^>pendages;*  and  in  giving  attachment  to  the  muscles  of 
those  appendages.  The  haemapophyses  are  usually  slender,  longer,  or  shorter 
simple  boties ;  but  are  broad  and  flat,  overlapping  each  other  in  the  thorax 
of  monotremes :  they  become  broader  and  shorter  in  the  expanded  and  fixed 
thoracic  abdominal  bony  case  of  chelonians,  and  are  still  broader  where  they 
close  the  pelvic  arch  in  the  plesiosaurs.  In  the  abdominal  region  of  these  ex- 
tinct saurians  and  in  crocodiles,  the  freely  suspended  haemapophyses  are  com- 
pounded of  two  or  more  overkqiping  bony  pieces. 

*  See  the  description  of  these  segments,  nsnally  confounded  nnder  the  name  of  the  '  great 
lateral  mnsde '  or  *  longitudinal  mnscles '  in  fishes.— Hunterian  Lectures  on  Vertebratat  8to, 
pp.  ie3-l65. 
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The  kamai  gpine  ia  mach  less  constant  as  to  its  existence,  and  is  sutjeet 
to  a  much  greater  range  of  variety,  when  present,  than  is  its  vertical  homo- 
tjpe  above,  which  completes  the  neural  arch.  Long,  slender,  and  *  spinous ' 
in  the  tail,  the  haemal  spine  is  reduced  to  a  short  and  thick  bone,  often 
flattened,  in  the  thorax  of  mammals,  a  series  of  thirteen  such  modified  spines 
formiiig  the  so-called  <  sternom '  in  the  two*toed  sloth :  the  thoracic  hsBmal 
spines  are  few  in  number,  and  are  expanded  and  perforated  in  the  whales : 
the  horixootal  extension  of  this  vertebral  element  is  sometimes  accompanied 
by^  a  median  division,  or  in  other  words,  it  is  ossified  from  two  lateral  centres ; 
tiiiis  is  seen  in  the  development  of  parts  of  the  human  sternum :  the  same  vege- 
tative character  is  constant  in  the  broader  thoracic  haemal  spines  of  birds ; 
though,  sometimes,  as  s.  g»  in  the  struthionidae,  ossification  extends  from  the 
same  lateral  centre  lengthwise,  t.  s.  forwards  and  backwards,  calcifying  the 
eonnate  cartilaginous  homolc^ues  of  halves  of  four  or  five  haemal  spines, 
before  these  finally  coalesce  with  their  fellows  at  the  median  line.  In  some 
other  birds,  however,  there  are  two  or  more  Uteral  centres,  and  usually, 
tlffo,  a  median  one,  ^om  which  the  ossification  of  the  keel  extends  down- 
wards, prior  to  its  confluence  with  the  rest  of  the  *  sternum.'  In  the  thorax 
of  chelonians  four  haemal  spines  are  established,  each  by  two  lateral  centres 
of  oasificfttion,  forming  four  pairs  of  sternal  bones  with  a  ninth  '  entostemal' 
piece  between  the  first  and  second  pairs.  The  *  plastrdn  '  is  the  result  of 
this  extreme  development  of  the  haemal  spines : — the  modified  moieties  of 
which,  remaining  permanently  distinct  and  united  by  suture,  have  received 
from  Geoffroy  St.  Hilaire*  the  convenient  q)ecial  names  of  '  epistemals,' 
*  byostemals,'  *  hypostemals  *  and  '  xiphistemals,'  respectively,  as  they  suc- 
ceed each  other  from  before  backwards. 

The  dicerging  appendages  are,  as  might  be  expected,  of  all  the  elements 
of  the  vertebral  segment,  the  least  constant  in  regard  to  their  existence,  and 
the  sulgeets  of  the  greatest  amount  and  variety  of  modification.  Simple 
slender  spines  or  styles  in  fishes  (fig.  17,  00)^  simple  plates  retaining  long 
their  cartilaginous  condition  in  crocodiles,  short  flat  slightly  curved  pieces  in 
birds  (fig.  15,  a  a),  in  some  of  the  lowest  species  of  which,  e.  g»  Aptenodgtee^ 
th^  become  expanded*  like  their  homologues  in  the  crocodile  ;  such,  with 
one  exception,  is  the  range  of  the  variety  of  form  to  which  these  parts  are 
sahfeet  in  the  segments  of  the  trunk.  But  that  exception  is  a  remarkable 
one :  even  under  its  normal  ichthyic  condition,  as  a  simple  style  or  filament, 
the  diverging  appendage  of  the  insulated  haemapophysial  portion  of  the  pelvic 
arch  in  theprotopterusf  and  lepidosiren;^  is  composed  of  many  cartilaginous 
Kgments,  and  projects  freely  from  the  surface,  carrying  with  it  a  smooth 
covering  of  integument.  In  other  fishes  similar  filaments  or  jointed  rays  are 
progressively  added  to  the  sustaining  arch,  which  cause  a  progressive  expan* 
lion  of  the  common  investing  fold  of  skin,  forming  the  organ  called  the 
'  ventral  fin,*  which  is  accordingly  described  by  the  ichthyologist  as  having 
two  rays  (^Blemmui)^  three  rays  (Zoarces)^  up  to  more  than  twenty  rays,  (as 
Adpeneer  in  the  sturgeons). 

When  we  quit  the  piscine  class  we  find  the  diverging  appendage  of  the  pel- 

*  Da  Stemiim  ooiiader6e  dans  lea  Oiieanx  et  daos  le«  PoiMona.  Anatomic  Philoao- 
pliiqiie,  p.  69.  pL  2,  fig.  21.  Here  Geoffroy  contends  that  the  parts  of  the  h^oid  arch  (39, 
40  and  45)  are  the  homologues  of  the  modified  hsmal  spines  which  he  calls  episternals*  hyo- 
itemsls  and  hypostemals  in  the  plastron  of  the  turtle :  but  these  names  may  well  be  retained, 
that  of  *  hyoetemal '  being  used  in  an  arbitrary  sense,  withoat  reference  to  the  h^ 
vbich  first  suggested  it. 

t  linn.  Trans,  vol.  xyiii.  pi.  23,  fig.  4,  z.  Lectures  on  Vertebrata,  p.  79,  figs.  27 

t  Bischoff,  ep.  cii,  pi.  2,  fig.  5,  e. 
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vie  arch  resumiDg  its  primitive  uDity,  and  with  fewer  joints  than  in  lepidoairen, 
bat  manifesting  the  principle  of  vegetative  repetition  by  a  bifurcation  of  the 
distal  segments.  Such  is  its  form  in  the  Proieus  anffuintu  and  in  the  Ampki* 
uma  didixdylum :  in  another  species  of  amphiume,  the  radiated  type  is  more 
strongly  marked  by  the  subdivision  of  the  last  segment  into  three  raya,  the 
homology  of  which  with  certain  of  the  five  terminal  rays,  called  toes  or 
digits  in  the  human  foot,  is  signified  by  Cuvier's  specific  name  '  tridactylum ' 
applied  to  this  species ;  the  middle  segment  of  the  appendage  is  bifid,  the 
first  one  is  undivided.  In  the  menopome  (fig.  28),  the  proximal  segment 
(ss)  is  likewise  single,  the  second  segment  (ooysr)  double,  and  amass  of  carti- 
lage (os)  separates  this  from  the  last  segment  which  brandies  into  five  jointed 
rays  (so).  In  the  frog  two  styliform  bones  are  developed  in  the  position  of 
the  cartilage  (ss  in  fig.  27)>  forming  a  fourth  segment  of  the  division  :  they 
are  replaced  by  more  numerous  and  shorter  bones  in  higher  vertebrates,  in 
which  it  will  be  unnecessary  to  pursue  the  metamorphoses  of  the  appendage 
as  it  is  adapted  for  swimming,  steering,  balancing  and  anchoring,  for  explorar 
tion,  for  burrowing,  creeping,  walking  and  running,  for  leaping,  seizing, 
climbing,  or  sustaining  erect  the  entire  frame  of  the  animal.  Its  parts  under 
these  endless  and  extreme  modifications  have  necessarily  received  special 
names  :  the  first  segment  (m)  is  the  thigh,  ^^»9t«r ;  the  second  is  the  1^,  and 
its  two  rays  or  boiles  are  called  Ulna  (m)  tkud  JUntla  (07)  :  the  segment  (as) 
is  called  ankle  or  tarmst  each  of  its  component  ossicles  having  its  proper 
name  ;  and  the  last  radiated  segment  («q)  includes  the  metatarsus  and  pha- 
langes :  the  segments  ss  and  00  are  termed  collectively,  the  foot,  pes^. 

The  primitive  function  of  the  simple  diverging  appendages  (fig.  17»  a,  a) 
of  the  abdominal  vertebrse  in  fishes  is  closely  analogous  to  that  of  the  more 
developed  appendage  of  the  pelvic  vertebra,  viz.  to  aid  in  locomotion,  as 
fulcra  to  the  muscles  concerned  in  that  act.  In  crocodiles  and  birds  they 
serve  to  connect  one  costal  arch  with  the  next  arch  in  succession,  associating 
them  in  action  or  giving  fixity  and  strength  to  the  whole  thoracic  cage. 

Any  given  appendage  might,  however,  have  been  the  seat  of  such  develop- 
ments as  convert  that  of  the  pelvic  arch  into  a  locomotive  limb  :  and  the  true 
insight  into  the  general  homology  of  limbs  leads  us  to  recognise  many  poten- 
tial'pairs  in  the  typical  endo-skeleton.  The  possible  and  conceivable  modi- 
fications of  the  vertebrate  archetype  are  far  from  having  been  exhausted  in 
the  forms  that  have  hitherto  been  recognised,  from  the  primaeval  fishes  of 
the  palaeozoic  ocean  of  this  planet  up  to  the  present  time. 

The  beneficent  Author  of  all,  who  has  created  other  revolving  orbs,  with 
relations  to  the  central  source  of  heat  and  light  like  our  own,  may  have  willed 
that  these  abo  should  be  the  seat  of  sentient  beings,  suited  to  all  the  condi- 
tions of  animal  enjoyment  existing  in  such  planets ;  basking,  perhaps,  in  the 
solar  beams  by  day,  or  disporting  in  the  soft  reflected  light  of  their  earth's 
satellites  by  night.  The  eyes  of  such  creatures,  the  laws  of  light  being  the 
same,  would  doubtless  be  organized  on  the  same  dioptric  principles  as  ours ; 
and,  if  the  vertebral  column  should  there,  as  here,  have  been  adopted  as  the 
basis  of  the  higher  animal  forms,  it  may  be  subject  to  modifications  issuing 
in  forms  such  as  this  planet  has  never  witnessed,  and  which  can  only  be  con- 
ceived by  him  who  has  penetrated  the  mystery  of  the  vertebrate  archetype, 
and  recognised  the  kind  and  mode  and  extent  of  its  modifications  here. 

It  is,  for  example,  by  no  means  essential  to  that  organic  type  that  it  should 
be  'tetrapodal' :  although  it  best  accords  with  the  force  of  attraction  and^other 

*  A  remarkable  example  of  the  extent  to  which  an  early  or  low  form  of  such  segment 
may  he  regained  by  adnormal  development  in  a  higher  species  is  given  by  Kerkringias, 
Opera  Omma,  4to.  1717,  p.  55,  tab.  viii. 
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ccHiditbiis  of  our  globe,  that  not  more  than  two  pairs  of  \uie  Intent  Mrp]^  or 
appendices  of  the  vertebral  segments  should  be  developeihto  4pQicfc  p^AficKh  \  * 
motiTe  instruments,  upon  its  waters,  its  atmosphere  and  its  dr^4^|^*  *>  <*  *  ''i^ 

The  Tiews  of  the  essential  relations  of  such  limbs  to  the  vertebrale  type 
which  suggest  these  and  similar  reflections,  may  not  be  accepted  by  all  anato- 
mists :  some  may  be  disposed  to  regard  the  parts  ss  and  S4  in  fig.  28  as  pecu- 
liar superadditions,  rather  than  a  reappearance  of  normal  elements  completing 
the  costal  or  hasmal  arch  of  a  segment  of  the  endo-skeleton  and  restoring  it 
to  its  typical  condition  :  and,  in  the  same  spirit,  they  may  deny  the  special 
homology  of  the  radiated  appendage  A,  with  the  hinder  filamentous  fin  of 
the  lepidoairen,  and  the  ventral  fins  of  other  fishes,  and  consequently,  will  re- 
podiale  its  general  homology  as  the  diverging  appendage  of  such  haemal 
arch,  and  its  serial  homology  with  the  simple  diverging  appendages  of  the 
tboracie-abdominal  vertebrae  of  fishes,  crocodiles  and  birds* 

I  am  sensible  how  large  a  demand  is  made  on  the  most  philosophic  faith  in 
general  laws  of  organization,  by  seeking  acquiescence  in  the  view  of  the  parts 
of  the  hind-limb,  so  variously  and  definitely  modified  for  special  functions,  as 
having  for  their  seat  the  liomologues  of  segments  and  rays,  which  are  the 
resolt  in  the  first  instance  of  the  conunon  course  of  vegetative  repetition  of  a 
single  vertebral  element — an  element  under  all  circumstances  compounded 
teleogieally,  and,  therefore,  essentially  one  bone. 

But  here  I  must  explain  what  I  mean  by  *  teleological  composition.'    Indi- 
Tidual  parts  of  a  8keleton,**what  are  commonly  called  '  bones,' — are  fre- 
quently *  compound '  or  composed  of  the  coalescence  of  several  prinwrily 
distinct  osseous  pieces.    In  human  anatomy  every  single  and  distinct  mass 
of  osseous  matter  entering  into  the  composition  of  the  adult  skeleton  is  called 
*a  bone' ;  and  Soemmerring,  who  includes  the  thirty-two  teeth  in  his  enumera- 
tion, reckons  up  from  259  to  264  such  bones.     He  counts  the  os  spheno- 
oceipitale  aa  a  single  bone,  and  also  regards,  with  previous  anthropotomists, 
the  OS  temporis,  the  os  sacrum,  and  the  os  innominatum,  as  individual  bones ; 
the  sternum,  he  says,  may  include  two  or  three  bones,  &c*.     But  in  birds 
the  OS  oceipitale  is  not  only  anchylosed  to  the  sphenoid,  but  they  both  very 
soon  coalesce  with  the  parietals  and  frontals ;  and,  in  short,  the  entire  cranium 
proper  consists^  according  to  the  above  definition,  of  a  single  bone.     Blu- 
menbach,  however,  applying  the  human  standard,  describes  it  as  composed 
of  the  proper  bones  of  the  cranium  consolidated,  as  it  were,  into  a  single 
piecef-     And  in  the  same  spirit  most  modern  anthropotomists,  influenced  by 
the  comparatively  late  period  at  which  the  sphenoid  becomes  anchylosed  to 
the  occipital  in  man,  regard  them  as  two  essentially  distinct  bones.     In  direct- 
ing our  survey  downwards  in  the  mammalian  scale,  we  speedily  meet  with 
examples  of  persistent  divisions  of  bones  which  are  single  in  man.     Thus  it 
ii  rare  to  find  the  basioccipital  confluent  with  the  basisphenoid  in  mamma- 
lian quadrupeds ;  and  before  we  quit  that  class  we  meet  with  adults  in  some 
of  the  marsupial  and  monotrematous  species,  for  example,  in  which  the  supra- 
occipital,  *  pars  occipitalis  proprie  sic  dicta,'  of  Soemmerring,  is  distinct  from 
the  condyloid  parts,  and  these  from  the  basilar  or  cuneiform  process  of  the 
OS  occipitifl :  in  short,  the  single  occipital  bone  in  man  is  four  bones  in  the 
opossum  or  echidna ;  and  just  as  the  human  cranial  bones  lose  their  indivi- 
duality in  the  bird,  so  do  those  of  the  marsupial  lose  their  individuality  in  the 
ordinary  naammalian  and  human  skull.      In  many  mammals  we  find  th 
pterygoid  processes  of  anthropotomy  permanently  distinct  bones ;  even  i 

^  De  Corporis  HumsDi  Fabric&,  t.  i.  p.  6.  ^ 

t  Manual  of  Comparative  Anatomy,  by  Lavrrence,  ed.  1827^  p*  &^* 
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birds,  where  the  progress  of  ossific  confluence  is  so  general  and  rapid,  tlie 
pterygoids  and  ^mpanics,  vhich  are  subordinate  processes  of  other  bones  in 
man,  are  always  independent  bones. 

In  many  mammals,  the  styloid,  the  auditory,  the  petrous,  and  the  mastoid 
processes  remain  distinct  from  the  squamous  plate  of  the  temporal,  through* 
out  life ;  and  some  of  these  claim  the  more  to  be  regarded  as  distinct  bones, 
since  they  obviously  belong  to  different  natural  groups  of  bones  in  the  skeleton ; 
as  the  styloid  process,  for  example,  to  the  series  of  bones  forming  the  hyoi* 
dean  arch. 

The  artificial  character  of  that  view  of  the  os  sacrum,  in  which  this  more 
or  less  confluent  congeries  of  modified  neural  arches  is  counted  as  a  single 
component  bone  of  the  skeleton,  is  sufficiently  obvious*  The  os  innominatwn 
is  represented  throughout  life  in  most  reptiles  by  three  distinct  bones,  answer* 
ing  to  the  iliac,  ischial,  and  pubic  portions  in  anthropotomy.  The  sfemiim 
in  most  quadrupeds  consists  of  one  more  bone  than  the  number  of  pairs  of 
ribs  which  join  it ;  thus  it  includes  as  many  as  thirteen  distinct  bones  in  the 
Brctdypus  didaefyhts. 

The  arbitrary  character  of  the  definition  of  a  bone,  as  ^  any  single  piece  of 
osseous  matter  entering  into  the  composition  of  the  adult  skdeton,'  the  eom- 
plex  nature  of  many  of  such  single  bones,  and  the  essential  individuality  of 
some  of  the  processes  of  bone  in  anthropotomy,  are  taught  by  anatomy,  pro* 
perly  so  called,  which  reveals  the  true  natural  groups  of  bones,  and  the  modi- 
fications of  these  which  peculiarly  characterise  the  human  subject. 

It  will  occur  to  those  who  have  studied  human  osteogeny,  that  the  parts  of 
the  single  bones  of  anthropotomy  which  have  been  adduced  as  continuing 
permanently  distinct  in  lower  animals,  are  originally  distinct  in  the  human 
fcBtus :  the  occipital  bone,  for  example,  is  ossified  from  four  separate  centres; 
the  pterygoid  processes  have  distinct  centres  of  ossification ;  the  styloid,  and 
the  mastoid  processes,  and  the  tympanic  ring,  are  s^)arate  parte  in  the  foetus. 
The  constituent  vertebras  of  the  sacrum  remain  longer  distinct ;  and  the  ilium, 
ischium,  and  pubes  are  still  later  in  anchylosing  together,  to  form  the  *  name- 
less bone.' 

These  and  the  like  correspondences  between  the  pointe  of  ossification  of 
the  human  foetal  skeleton,  and  the  separate  bones  of  the  adult  skeletoas  of 
inferior  animals,  are  pregnant  with  interest,  and  rank  among  the  most  stri- 
king illustrations  of  unity  of  plan  in  the  vertebrate  organization* 

llie  multiplication  of  centres  from  which  the  ossification  of  an  ultimatel j 
single  bone  often  proceeds  has  especially  attracted  the  attention  of  the  philo- 
sophical anatomiste  of  the  present  centurv  with  reference  to  the  right  or 
natural  determination  of  the  number  of  the  constituent  parts  of  the  verte- 
brate skeleton.  GeofiVoy  St.  Hilaire,  in  his  memoir  on  the  skull  of  birds,  in 
1807,  says,  <<  Ayant  imaging  de  compter  autant  d'osqu'il  ya  de  centres  d*oa- 
sifioation  distincto,  et  ayant  essay6  de  suite  cette  manidre  de  faire,  j'ai  eu 
lieu  d'appr6cier  la  justesse  de  cette  id^e*."  Cuvier  adopted  and  retained 
the  same  idea  to  the  last.  Commenting  in  the  posthumous  edition  of  the 
'  Lemons  d* Anatomic  Compar6et '  on  the  character  of  some  of  the  defini- 
tions of  single  bon^  in  anthropotomy,  he,  also,  concludes  that,  in  order  to 
ascertain  the  true  number  of  bones  in  each  species,  we  must  descend  to  the 
primitive  osseous  centres  as  tliey  are  manifested  in  the  foetus.  But  aceording 
to  this  rule  we' should  count  the  humerus  as  three  bones  and  the  femur  as  four 

*  Anniies  du  Mus^am*  t.  x.  p.  344. 

t  Tom.  L  1835,  p.  120.  **  Mais  oet  distinctions  sont  arbitnures,  et  pour  avoir  le  T^ntable 
nombre  des  os  de  chaque  esp^,  il  faut  remonter  juaqu'aax  premiera  noysnx  oaaenx  tela 
qu*ils  se  montrent  dans  le  feetns." 
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b<n(*,uiilicbamBQBkeletan;  forthe  cMufication  of  the  tbigh-bone  begins  at 
four  dirtmet  poiiito,  one  for  the  shftft,  one  for  the  bemd,  one  for  tbe  great 
trochuter,  >iid  on«  fbr  tbc  dbtal  coodylef :  nich  deference,  howerer,  to  the 
jadgueiit  of  tbe  grait  Compantive  Anatomiat  baa  been  withheld  by  the  nuwt 
ileroted  of  his  admirers ;  who>ie  dipiDclinatioD  to  regard  these  parts  and  pro- 
eaats  as  disthict  bones  is  Justified  bj  the  fact  that  In  birds  and  reptiles  tbe 
{cmar  k  derdoped  fraoi  a  siD^e  eentre. 

Tbe  rnle  laid  doim  by  tbe  French  authorities  abore-eited  fails  in  hs  appli- 
eatioD  to  tbe  difficult  quertion  of  the  nature  and  number  of  bones  in  aslcdeton, 
beeanse  they  did  not  distiogvisb  between  those  centres  of  osaificatioo  that 
have  boBKdi^cal  relations,  and  those  that  hare  only  tdecdogica]  ones ;  i.  e. 
between  the  separate  points  of  otufication  of  a  human  bone  which  typiff 
TBtefanl  elenwsta,  often  peimanently  distinct  boaes  in  the  lower  animals;  and 
tteaeparate  points  wbicfa,  without  such  signification,  facilitate  the  progress 
«f  orteogeny  and  have  for  their  obvioui  final  canse  the  wdl-beiog  of  tbe  grow- 
jag  anisuU.  Tbe  yonng  hunb  or  foal,  for  example,  can  stand  on  its  four  legs  aa 
HOB  as  it  is  born ;  it  ufdifts  its  body  from  the  ground  and  soon  begins  to 
nil  and  boand  along.  Tbe  shock  to  the  limbs  themselves  is  broken  and 
dtrntDJabed  at  this  tender  age,  by  the  diriiions  of  the  long  bones,  and  by  the 
iaterpMition  of  tbe  ooshions  of  cartilage  between  tbe  diaphyses  and  epiphy- 
Ms.  And  the  jar  that  might  aSect  the  palpy  and  largely  developed  brain  of 
Ibe  immature  mammal,  is  further  diffused  and  intercepted  by  tbe  epiphysial 
iiticnlar  extremities  of  tbe  bodies  of  the  vertebrs. 

Wetboa  readily  discern  a  final  purpose  in  the  distinct  centres  of  ossifica- 
tion  of  the  vertebral  bodies  and  tbe  long  bones  of  the  limbs  of  mammals 
vbieb  would  not  apply  to  the  condition  of  the  crawling  reptiles.  The  dimi- 
nutive brwn  in  these  low  and  slow  cold-blooded  animals  does  not  demand 
Mdi  protection  against  concussion ;  neither  does  the  mode  of  locomotion  in 
the  quadruped  reptiles  render  such  concussion  likely  :  their  limbs  sprawl  out> 
wards  and  posh  along  the  body  which  commonly  sweeps  the  ground ;  there- 
fore we  find  no  epiphyses  at  the  ends  of  a  dintinct  shaft  in  the  long  bones 
of  sanrians  and  tortoises.  But  when  the  reptile  moves  by  leaps,  then  tbe 
principle  of  ossifying  tlie  long  bone  by  dutinct  centres  again  prevails,  and  the 
estieniities  of  tbe  humeri  and  femora  long  remain  epiphyses  in  the  frog. 

A  final  purpose  is  no  doubt,  also,  subserved  in  most  of  the  separate  centres 
of  ossification  which  relate  homologically  to  permanently  distinct  bones  in 
the  general  vertebrate  series ;  it  has  long  been  recognised  in  relation  to  faci- 
litatii^  birth  in  the  bumao  foetus ;  but  some  facts  will  occur  to  the  oeteo- 
gcniM,  of  which  the  teleological  explanation  is  by  no  means  obvious. 

One  sees  not,  for  example,  why  Uie  process  of  the  scapula  which  gives  at- 
tachment to  the  pectoralts  minor,  tbe  coraco- brachial  is,  and  the  short  head  of 
tbe  Ineeps  ahould  not  be  developed  by  continuous  ossification  from  the  body 
of  tbe  Uade-bone,  like  that  which  forms  the  spinous  process  of  the  same 
bone.  It  is  a  well-known  fact,  however,  that  not  only  in  man,  but  in  all  mam- 
mals, the  coracoid  proceae  is  ossified  from  a  separate  centre.  In  ihc  mono- 
tmuM  it  is  not  only  autogenous,  but  is  as  large  a  bone  as  in  birds  and  reptiles, 
in  which  it  continues  a  distinct  bone  throughout  life.  Here,  tlien,  we  have 
the  bomological,  without  a  teleological  explanation  of  thescparatc  centre  for 
the  eoraeoid  process  In  the  ossification  of  the  human  blade-bone. 

Tbb  diatiDction  in  the  nature  and  relations  of  such  centrrs  is  indispen- 
sable in  the  right  application  of  the  facts  of  osteogeny  to  the  determination 
of  tbe  number  of  essentially  distinct  bones  in  any  given  skeleton. 

All  those  bone*  which  consist  of  a  coalescence  of  parts  answering  lr>  -*' 
Kinct  elements  of  the  typical  vertebra  are  '  humologiully  compound.' 
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All  those  bones  which  represent  single  vertebral  elements  are  '  Ideologi- 
cally compound/  when  developed  from  more  than  one  centre,  whether  snch 
centres  subsequently  coalesce,  or  remain  distinct,  or  even  become  the  subject 
of  individual  adaptive  modifications,  with  special  joints,  muscles,  &c,  for  par- 
ticular offices. 

In  the  human  skeleton,  the  clavicles,  the  (thoracic  vertebral)  ribs,  are  in- 
stances of  simple  and  truly  individual  bones.  The  occiput,  sphenoid,  eth- 
moid, temporal,  superior  maxilla,  mandible,  hyoid,  scapula,  the  so-called  true 
vertebrae,  the  sacrum  and  coccyx,  the  sternum,  and  ossa  innominata  are 
'  homologically '  compound  bones. 

The  two  parietals  are  essentially  like  the  frontal  and  vomer,  one  'teleologi- 
cally '  compound  bone  :  so,  likewise,  are  the  two  nasals.  And,  if  the  view  of 
the  homology  of  the  jointed  filamentary  skeleton  of  the  rudimental  ventral 
fin  of  the  lepidosiren  with  the  simple  diverging  appendages  of  the  costal 
arches  of  the  abdominal  vertebrse  be  correct,  then  is  not  merely  the  mam- 
malian femur  a  teleologically  compound  bone,  but  the  whole  skeleton  of  the 
hind-limb  from  the  femur  to  the  distal  phalanges  inclusive  must  be  regarded 
as  representing  the  essentially  single  vertebral  element,  here  called  'diverging 
appendage,*  subdivided  according  to  the  law  of  vegetative  repetition  of  centres; 
which  law  is  progressively  overruled  and  masked  by  the  superventtcm  of  the 
higher  law  of  special  modification  and  adaptation  of  such  vegetative  subdivi- 
sions to  the  exigences  and  habits  and  sphere  of  life  of  the  species. 

In  many  animals  all  the  parts  of  the  skeleton  of  the  limbs,  and  in  all  ani- 
mab  some  of  the  parts,  are  simple  bones,  in  the  sense  of  being  developed 
from  a  single  centre ;  but  in  none  can  they  claim  that  essentially  individual 
character  which  the  clavicles  and  osseous  parts  of  the  ribs  are  entitled  to,  aa 
being  primary  vertebral  elements. 

To  trace  the  mode  and  kind  and  extent  of  modification  of  the  same  ele- 
mentary parts  of  the  typical  segment  throughout  a  large  natural  series  of 
highly  organized  animals,  like  the  vertebrata ;  and  to  be  thus  led  to  appreciate 
how,  without  complete  departure  from  the  fundamental  type,  the  species  are 
adapted  to  their  difiierent  offices  in  creation,  brings  us,  as  it  were,  into  the 
secret  counsels  that  have  directed  the  organizing  forces,  and  is  one  of  the 
legitimate  courses  of  inquiry  by  which  we  may  be  permitted  to  gain  an  in- 
sight into  the  law  which  has  governed  the  successive  introduction  of  specific 
forms  of  livine  beings  into  this  planet 

Vertebra  of  the  Skull. — Since  it  has  been  found  that  the  bones  of  the  trunk 
maintain  through  every  kind  and  degree  of  adaptive  modification,  whether  as 
*  thorax,' '  carapace '  or  <  sacrum,'  an  arrangement  into  s^ments  in  the  con- 
stitution and  relative  position  of  the  parts  of  which  the  vertebral  type  has  been 
universally  recognised— let  us  next  examine,  without  bias,  and,  if  possible, 
without  reference  to  or  recollection  of  previous  attempts,  in  the  first  instance, 
whether  such  type  be  traceable  through  the  remaining  anterior  part  of  the 
axis  of  the  endo-skeleton,  which,  like  the  thorax  and  pelvis,  has  received,  on 
account  of  its  degree  of  coalescence  and  other  modifications,  the  special  col- 
lective term  of '  skull ;' — or,  whether  nature  has,  in  this  part  of  the  endo-ake- 
leton,  so  far  departed  from  the  pattern  on  which  all  the  rest  is  constructed, 
that  we  cannot,  without  manifest  violence  to  her  arrangements,  demonstrate 
the  segmental  composition  ;  or  refer,  without  admitting  modifications  distinct 
in  kind  as  well  as  degree  from  those  that  mark  the  vertebral  character  in  the 
trunk,  the  constitution  of  such  segments  to  the  vertebral  type. 

Takinff  the  conical  skull  of  an  ordinary  osseous  fish — ^that  of  the  cod  (Mor^ 
rAiMi  vu^ris)  for  example, — ^if  we  detach  the  bonnes  which  form  its  hinder 
nxtrrmity,  or  base,  and  which  immadiAtely  precede  and  join  the  atlas,  from 
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those  next  id  advanoe,  we  hare  the  circle,  or  the  base  hone  (i)  and  arch 
(s,3, 4),  represented  in  figure  1,  and.  we  also  bring  away,  articulated  there  with, 
an  inferior  or  inverted  arch  with  its  appendages,  represented  in  profile  outline 
in  fig.  5,  9«-ft7  :  the  arrow  indicating  the  course  of  convergence,  and  its  head 
the  point  of  union,  of  the  two  flanks  or  crura,  forming  the  closing  point  or 
crown  of  such  inverted  arch. 

We  have  thus  removed  a  segment  of  the  skull,  and  with  as  little  or  even 
less  violence  or  disturbance  to  the  other  bones,  Uian  must  have  been  used  in 
detaching  a  similar  segment  from  the  thorax  or  pelvis  of  a  land-animaL  If 
ve  compare  this  cranial  segment  with  the  typical  vertebra  fig.  14,  we  reoog* 
aiie  in  the  single  median  bone  (1,  fig.  1)  the  centmm^  by  its  relative  position 
sod  its  articular  surface  for  the  atlas,  which  retains,  moreover,  the  concave 
form  characteristic  of  the  vertebrae  in  the  piscine  class :  in  the  pair  of  bones 
(t,  t),  which  articulate  with  the  upper  surface  of  the  centrum,  protect  the 
sides  of  the  epencephalon,  and  are  perforated  by  the  '  nervi  vagi,'  we  have  the 
■eayqpqp^seg ;  in  the  single  symmetrical  bone  (s)  which  completes  the 
arch,  and  terminates  in  a  crest  for  the  attachment  of  the  uppermost  or  dorsal 
portkms  of  the  vertebral  muscles  continued  from  the  trunk,  we  have  the  neural 
ipme :  and  in  the  pair  of  bones  (4,  4),  wedged  between  this  spine  and  the 
Deurapopfaysesy  which  give  attachment  to  the  inferior  arch  of  the  segment 
(fig.  5,  H  i),  and  terminate  in  a  free  crest  or  spine  for  the  attachment  of  tlie 
upper  and  lateral  portions  of  the  vertebral  muscles,  we  have  the  parapO' 
fi^MB ;  for  whose  elevated  position  we  have  been  prepared  by  their  gradual 
ascent  in  the  anterior  vertebrae  of  the  trunk.  The  rest  of  this  natural  segment 
has  undergone  the  same  kind  of  modification  as  the  thoracic  vertebrae  present 
in  higher  animals  (fig.  15),  and  which  consists  in  the  great  expansion  of  the 
hiemal  arch,  the  removal  of  the  JuemapophyteB  (fi^,  5»  m)  from  the  centrum 
(i&.  i),and  Uie  interposition  of  elongated  and  &eAect&Aplaffrapophy$e»  (50,  ti): 
finally,  the  great  inverted  arch,  so  formed,  encompasses,  supports  and  protects 
the  heart,  or  centre  of  the  haemal  axis.  The  elements  of  this  arch  are  open 
to  two  interpretations  according  to  the  type  of  figure  15  :  either  so  may  be 
fl,  SI,  h  and  st  A  « ;  or  50  and  51  may  be  a  divided  (teleologically  compound) 
pienrapophysis,  and  54  an  unusually  developed  haemapophysis  :  and  this  latter 
cooclusion  is  more  agreeable  with  the  character  of  the  vertebral  segments  of 
the  trunk  in  fishes,  in  which  the  haemal  spines  are  absent,  the  haemapophyses, 
when  odsified,  long  and  sometimes  joined  together  at  their  lower  ends,  as  e.  g» 
in  the  first  trunk- vertebra  of  Arffyreiosui  vomer^  and  the  pleurapophyses  some- 
times, aa  e.  g.  in  the  sturgeon,  composed  of  two  or  more  pieces,  set  end  to 
end.  The  condition  of  the  pienrapophysis  of  the  pelvic  arch  in  the  meno- 
pome  (fig.  28,  09,  pl)y  which  sustains  a  radiated  appendage  (i6.  A)  of  the 
\aBaul  arch  of  the  occipital  vertebra,  indicates  the  true  character  of  the 
pienrapophysis :  and  the  modifications  of  this  arch  in  the  higher  classes  will 
be  found  to  establish  the  accuracy  of  the  general  homology  of  the  bone  5S, 
with  the  haemapophysial  element,  since  the  lower  extremities  of  ss  are  actu- 
ally drawn  apart  and  articulated  to  a  haemal  spine,  which  completes  the  arch 
below  in  reptiles  and  birds  (fig.  22,  H  «). 

Even  should  there  be  error  in  assuming  the  subdivision  of  the  pleurapo* 
pbysesand  the  absence  of  the  haemal  spine,  in  the  particular  determination  of 
the  constituent  elements  of  the  arch  in  question,  yet  the  alternative  is  still 
within  the  recognised  limits  of  the  vertebral  modifications  of  the  trunk ;  and 
the  want  of  unquestionable  proof  of  the  precise  elements  forms  no  valid  ob- 
jection to  its  general  homology  as  a  haemal  vertebral  arch,  expanded  and  modi- 
fied aller  one  or  other  of  the  types  of  those  which,  in  the  thorax  of  the  "* 
breathing  vertebrates,  encompass  and  protect  the  more  backwardly  r 
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centres  of  the  vasoular  system  (heart  and  lungs) ;  according  to  which  tjpes, 
for  example,  it  may  be  either  closed  below  by  the  meeting  of  the  sternal  ribs 
rheemapophyses)  or  by  the  intervention  of  a  single  or  divided  sternal  bone 
(hsBmal  spine).  And,  Airther,  since  in  fishes,  as  the  lowest  class  of  vertebrata, 
the  vegetative  character  of  repetition  of  forms,  proportions  and  componition 
in  the  successive  segments  of  the  skeleton  prevails  in  a  greater  d^ree  than 
in  any  of  the  higher  classes,  so  we  may  conclude  that  this  hsmal  areh  pre- 
sents, by  its  articulation  with  the  epencephalic  neural  arch,  its  normal  position ; 
and  that  the  whole  occipital  vertebra  here  manifests  its  veritable  and  tjfNcal 
character. 

As  the  haemal  arches  in  the  trunk  of  fishes  commonly  support  div«r^ng 
appendages,  which  project  fredy  outwards  and  backwards,  but  are  hidden  and 
buried  in  the  muscular  masses  to  which  they  give  attachment,  so  the  occipital 
arch,  also,  commonly  supports  its  diverging  appendages.  They  are  absent 
in  Oymncihorax  and  some  other  MunBmdtB.  The  appendage  is  present  in 
the  form  of  a  single  multiarticulate  filament  in  the  eel-like  protoptema*  and 
lepidosirenf ;  it  is  modified  by  that  mode  of  vegetative  repetition  which 
results  in  adding  to  the  number  of  similar  filaments  directly  articulated  to 
the  supporting  arch ;  and  is  further  complicated  by  the  expansion  or  oonfla- 
ence  of  the  proximal  joints  in  different  degrees  as  thev  recede  from  the  sup* 
porting  areh,  so  as  to  constitute  definable  segments  of  the  appendage  t* 

Such  is  the  condition  of  the  part  in  most  osseous  fishes,  and  such  ia  shown 
in  the  diagram  of  the  base  of  the  appendage  in  figure  5  ;  where  the  proximal 
segment  consists  of  two  broad  and  flat  bones  (54  and  55),  the  next  s^ment  of 
five  narrower  and  shorter  but  thicker  bones  (ss),  and  the  last  segment  of 
more  numerous  bones  of  the  primitive  filamentary  form  and  multiarticulate 
structure,  which  bifurcate  and  radiate  as  they  recede  from  the  centre  of  at- 
tachment * 

We  may  connect  the  tendency  to  extreme  and  variable  development  in  the 
peripheral  paits  of  a  vertebral  s^ment,  with  the  freedom  which  is  the  neces- 
sary consequence  of  their  position  :  they  are  attached  by  one  end  only,  they 
have  not,  therefore,  that  physical  restraint  to  growth  which  may  arise  out  of 
the  fettering  by  both  extremities,  which  characterizes  the  more  central  rer* 
tebral  elements  entering  into  the  composition  of  the  neural  and  haemal  arches. 
Even  in  these  we  find  Uie  disposition  to  luxuriant  growth  or  vegetative  sub- 
division greatest  in  the  peripheral  elements,  viz.  the  neural  and  haemal  spines  : 
much  more,  therefore,  might  it  be  expected  in  the  less  constant,  divei^ing, 
and  commonly  freely  projecting  appendages  of  the  vertebral  arches.  Although 
here  the  polarizing  forces  which  tend  to  shoot  out  particle  upon  particle  after 
the  pattern  of  dendritic  corals,  plants  or  crystals,  are  so  controlled  by  the 
antaiffonizing  principle  of  adaptation,  that  the  radiating  growth  is  always 
checked  at  that  stage  and  guided  to  that  form  which  is  suited  to  the  wants 
and  required  by  the  mode  of  life  of  the  species. 

Since,  however,  we  are  able  to  retain  firmly  and  with  certitude  our  recog- 
nition of  the  special  homology  of  the  diverging  appendage  of  the  oceipitail 
haemal  arch,  through  all  its  modifications,  from  the  single  ray  of  the  lepldosi- 
ren  to  the  hundred*foid  repetition  of  the  same  elements  with  superadded 
dichotomous  bifurcations  sustaining  the  enormous  pectoral  fins  of  the 
broad  and  flat  plagiostomous  fishes  thence  called  *mjs*  par  excellence^  so 
we  can  retrace,  with  equal  certitude,  the  serial  homology  of  this  appendage, 
when  it  is  so  plainly  manifested  by  its  simple  form  as  well  as  connections  in 

*  linnaean  TrsosactioiiSy  vol.  xriii.  pL  23,  fig.  4,  w, 

t  Bischoff,  Lepidoiiren  paradoxa,  4to,  pi.  9,  fig.  4,  c. 

X  Honteriiui  Lectnrei  on  Vertebrsta,  figs*  27,  40,  41,  42,  43,  Tt. 
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Uie  lepidosireB}  the  amphiuma  or  the  apteryx,  with  the  fcaroely  more  simple 
or  leas-developed  appendage  of  the  thoracic  abdominal  haemal  arches  (ribs) 
of  birds  and  fishes  (figs.  15  and  IT^  a»  a)  ;  and  thus  we  are  led  to  determine 
its  general  homology,  under  its  manifold  forms  of  fin,  fore-limb,  wing,  or  arm, 
as  the  diverging  appendage  of  the  haemal  arch  of  the  occipital  vertebra. 

Tbenatand  and  typical  veitebral  segment  above-defined  cannot  bedetached, 
in  every  fish,  by  the  mere  disjunction  of  sutures :  in  the  lepidosiren,  e.  g,  the 
ossified  part  of  the  centrum  has  coalesced  with  that  of  the  next  segment  in 
advance  and  would  require  to  be  divided  by  the  saw  :  the  same  coalescence 
occurs  in  the  human  skull,  and  has  led  to  the  definition  of  the  cranial  bone, 
called  *os  spheno-occipitaJe*.'  In  osseous  fishes,  either  by  connation  of  s 
with  »,  fig.  5f  or  by  excessive  development  of  bone  in  the  notochordal  capsule 
extending  forwards  from  the  centrum  s,  and  producing  o»  there  results  the  long 
bone  (9,  o)  continuing  the  series  of  vertebral  centrums  forwards,  and  cone* 
spoading  in  position  with  two  segments  or  arches  above*  On  the  hypothesis 
that  it  represents  the  central  elements  of  both  those  arches,  it  must  be  divided 
artifidallj,  in  order  to  separate  that  s^ment  of  the  cranium  which  next  suc- 
ceeds the  occipital  one.  And,  further,  either  by  a  similar  coalescence  of  the 
proximal  elements  of  two  haemal  arches,  or  by  the  undue  extension  of  such 
element  of  one  of  the  arches,  interposing  itself  between  the  next  areh  and 
the  rest  of  the  vertebra  to  which  that  arch  belongs,  it  happens,  that  unless  the. 
proximal  eleoient  or  elements  in  question  be  artificially  divided,  as  at  mo,  isa, 
fig.  5,  two  haemal  arches  (H  11  and  H  in)  would  be  brought  awav,  with  the 
neural  arch  detached  by  the  separation  of  sutures  and  the  division  of  the 
bone  5, 9.  If  neither  that  bone,  nor  saa  ^ere  divided,  but  were»  with  the 
bones  in  superior  connection  with  them,  separated  from  the  bones  anteriorly 
articulated  to  them  by  suture,  then  we  should  have  the  group  of  bones,  in- 
cluded by  the  curved  lines  marked  N  11,  N  in,  Hii,  H  in  in  fig.  5»  Two 
rertebral  s^ments  are  plainly  indicated  in  this  group  by  the  distinct  haemal 
arches  and  Uieir  appendages,  H  11  and  H  in  ;  but  three  pairs  of  bones,  is,  s 
and  IS,  fig.  5,  appear  to  be  in  neurapophysial  relation  with  the  single  and 
symmetrical  median  bone  5,  9.  If,  however,  what  has  been  urged  in  the 
chapter  on  '  Special  Homology '  (pp.  188-ld6)  respecting  the  petrosal  cha- 
racter of  IS  be  a  true  interpretation  of  that  bone,  then  we  must  eliminate  it 
from  our  present  inquiry,  inasmuch  as  being  a  partial  ossification  of  a  sense- 
capsale  (und  nature  herself  removes  them,  as  such,  in  most  fishes),  it  i^>per- 
tains  to  a  cat^ory  of  bones  (splanchno-skeleton),  forming  no  part  of  the  pro- 
per neuro-  or  endo -skeleton,  in  which  alone  we  seek  for  evidence  of  a  segmental 
disposition  of  parts  corresponding  with  the  segments  of  the  nervous  system. 

The  bony  petrosals  (is)  being  removed,  let  us,  then,  with  the  view  of  ex- 
amining the  composition  of  the  segment  of  the  skull  with  which  the  occipi- 
tal vertebra  was  articulated,  saw  across  the  bones  9,  9  and  ssa,  and  separate 
the  bones  s,  r,  s  from  their  sutural  connections  with  those  in  front  of  them, 
lo  thus  obduning  the  segment  in  question,  the  opponents  to  the  vertebral 
theory  of  the  skull  are  entitled  to  assert  that  violence  is  done  to  nature  by 
the  sections  of  the  single  bones  above-cited ;  the  validity  of  which  as  an 
objection  to  that  theory  will  be  afterwards  inquired  into. 

It  is  not,  however,  absolutely  necessary  to  divide  the  basal  bone  a,  9 :  in 
niany  osseous  fishes  a  symmetrical  bone  (fig.  5,  9')  supports  the  parial  bones 
It,  and  stands  in  the  relation  of  a  centrum  to  them ;  the  neural  arch  or  circle 
of  that  segment  would  not,  therefore,  be  broken  by  the  removal  with  the 
posterior  s^ment  of  the  whole  of  the  bone  a,  9.    If  the  corresponding, 

*  See  Table  I.,  Soemmerring. 
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developmeDt  from  the  under  part  of  the  centram  of  the  teoond  cervical  ver- 
tebra of  the  siluroid  fish  (p.  260)  were  removed,  with  that  segment,  from  the 
atlas,  the  atlantal  neural  arch  would  still  be  completed  by  the  rudimental  body, 
beneath  which  the  ossification  from  the  succeeding  vertebree  had  eitended 
itself. 

Whether,  however,  we  divide  or  not  the  bone  0, 0,  those  which  rest  upon 
its  posterior  or  basisphenoidal  part  present,  after  the  removal  of  the  petro- 
sals, when  viewed  from  behind,  and  slightlj  disarticulated  from  each  other, 
the  arrangement  exhibited  in  fig.  2.  The  bones  s,  s  support  and  defend 
the  lobe  of  the  third  ventricle  or  the  mesencephalic  segment  of  the  brtin ; 
they  give  exit  to  the  trigeminal  nerves  (ir),  and  thus,  as  well  as  by  their  con- 
nections with  the  other  bones  of  the  arch,  repeat  the  neurt^Hfphjfwdchmckn 
of  the  bones  s,  s  in  the  occipital  segment.  The  bones  s,  s,  by  their  more  ex- 
ternal position,  by  affording  an  articular  surface  to  the  haenud  arch  (no, 
H  11),  and  their  development  of  a  strong  transversely  and  backwardlf  pro- 
duced process  for  muscular  attachments,  obviously  repeat  the  para^tcj^fwd 
characters  of  the  bones  4, 4  in  the  occipital  vertebra. 

The  arch  is  not  completed  above  in  the  cod-fish ;  the  bones  7,  7  being  se- 
parated at  the  mesial  line  by  the  interposition  of  the  produced  spine  of  the 
occipital  vertebra  s,  which  joins  with  ti.  In  some  other  fishes,  however, 
e.  g.  carp  and  pike,  the  bones  7, 7  do  come  in  contact  and  join  each  other  bj 
a  *  sagittal '  suture,  thus  completing  the  neural  arch.  It  will  afterwards  t^ 
seen,  by  tracing  the  homologues  of  these  bones  in  other  animab  and  their 
homotypes  in  other  segments,  what  value  may  be  assigned  to  the  objeetion  to 
their  general  homology  as  the  crown  or  haemal  spine  of  the  meseacepbalic 
neural  arch,  founded  upon  the  median  division  and  occasional  divarication  of 
the  two  halves  of  no.  7  in  osseous  fishes.  I  may  so  far  anticipate  the  diseus- 
sion  as  to  remark  that,  even  in  the  present  group  of  vertebrates,  the  spine  of 
the  occipital  vertebra  (3)  is  divided  bv  a  median  suture  in  the  lepidosteus;  so 
that  the  condition  of  the  epencephalic  arch  in  that  fish  is  precisely  that  of 
the  mesencephalic  arch  in  the  carp,  and  essentially  the  same  as  that  in  fig'S> 
and  in  most  other  osseous  fishes. 

The  remainder  of  the  second  or  parietal  segment  of  the  skull,  H  if,repeBtotbe 
expanded  modification  of  the  haemal  arch  of  the  occipital  vertebra,  and  even 
approaches  nearer  to  the  character  of  the  thoracic  vertebrae  of  the  higber 
animals,  by  the  development  of  single  symmetrical  bones  at  the  crown  of  the 
inverted  arch.  But  the  principle  of  vegetative  repetition  is  still  more  mani- 
fested in  this  arch  than  in  the  occipital  one.  If  we  regard  the  posterior  half 
of  the  epitympanic,  tsa,  as  the  proximal  piece  of  the  parieto-haemal  archt 
which  has  coalesced  with  the  corresponding  piece  of  the  fronto-haemal  arch, 
then  the  pleurapophysU  of  the  parieto-haemal  arch  will  consist,  in  bony  fi»be«, 
of  two  pieces,  wa  and  as,  like  the  pleurapophysis  of  the  occipito>hsmal  arch, 
00  and  51.  The  bones,  so  and  4s,  represent  the  luBmapophytU  of  the  parieto-hsmal 
arch.  The  two  pairs  of  small  bones  (41)  with  the  single  median  anterior  («) 
and  posterior  (4a)  appendages,  represent  a  still  more  subdivided  spine  or  key- 
bone  of  this  inverted  arch. 

Beneath  this  mask  of  multiplication  of  bony  centres,  the  Imwd  characters 
of  the  inverted  arch  suspended  to  the  parapophyses  of  the  parietal  vertebra, 
as  the  haemal  complement  of  that  natural  segment  of  the  skull,  stand  boldly 
out :  it  encompasses,  sustains  and  protects  the  branchial  organs — the  ana- 
logues of  lungs — ^the  next  great  development  of  the  vascular  system  antenor 
to  the  heart ;  and  the  subdivision  of  the  piers  of  this  expanded  arch  relates  to 
the  necessity  for  a  combination  of  strength,  with  fiexibility  and  elasticity,  in 
the  execution  of  the  movements  producing  the  respiratory  currents. 
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The  correspondenoe  with  the  scapular,  or  occipito-hsemal  arch,  is  further 
carried  out  by  the  presence  o^ appendages  (44)  which  freely  diverge  from  it,  but 
the  dcTelopment  of  these  appendages  has  not  been  observed  to  extend  beyond 
that  second  phase»  marked  by  vegetative  multiplication  of  the  simple  ray, 
directly  attached  to  the  arch  itself.  The  lepidosiren  offers  the  simplest  con- 
dition of  such  '  diverging  appendage '  in  the  single  slender  bony  piece  con- 
nected with  the  element  40 *•  Cuvier  and  other  ichthyologists  cite  a  series 
of  stages  of  this  kind  of  development  of  the  hyoidean  appendage  from  a  si- 
milar simple  beginning  up  to  a  30-fold  repetition  of  the  single  ray  (Slops) ; 
and  the  '  branchioste^l '  rays  have  been  found  in  much  greater  numbers  in 
certain  fossil  fishes.  Like  the  *  pectoral '  rays,  they  support  a  duplicature  of 
membraney  which  plays  freely  backwards  and  forwards,  reacting  upon  the 
ambient  medium,  and  forming,  in  short,  a  cephalic  fin,  but  with  its  powers 
so  restricted  and  adjusted,  as  to  propel  the  water  through  the  branchial  cham- 
bers of  the  fishy  instead  of  driving  the  fish  through  the  water ;  in  which  latter 
action,  indeed,  the  occipital  appendages  (pectoml  fin8)in  most  osseous  fishes 
can  and  do  perform  but  a  very  small  share. 

If  we  next  proceed  to  compare  the  frontal  segment,  N  iii  and  H  iii,  dis- 
membered as  above  described  from  the  parietal  vertebra,  and,  by  the  separa- 
tion of  the  sutures,  from  the  bones  terminating  the  skull  anteriorly,  we  shall 
find  a  neural  arch  (fig.  S)  closely  rep>eating  the  characters  of  that  of  the  oc- 
cipital vertebra.  The  cenirum  is  sometimes  represented  simply  by  the  forward 
extension  of  ossification  of  the  basisphenoid  (11),  which  I  r^ard  as  the  ho- 
motype  of  the  ossification  of  the  capsule  of  the  notochord  beneath  the  cen- 
truma  of  the  anterior  trunk-^vertebrae  in  the  silurus  ;  sometimes,  also,  of  a  di- 
stinct superincumbent  symmetrical  ossicle  (0',  fig.  5),  answering  to  the  rudi- 
mental  (central  part  of  the)  body  of  the  atlas  supported  by  the  inferior  bony 
plate,  in  the  silurus.  Thb  more  complex  condition  of  the  centrum  of  the  frontal 
vertebra  is  well-seen  in  the  sword-fish.  The  bones  10, 10,  which  directly  rest 
upon  9',  when  it  exists,  which  defend  the  sides  of  the  prosencephalon,  and 
which  are  either  grooved  by  the  optic  nerves,  or  have  those  nerves  perforating 
the  fibro-cartilagiuous  membrane  close  to  the  margin  of  the  bone  (10)  from 
which  it  Lb  continued,  are  obviously  the  neurapophyses*  They  are,  however, 
small ;  inasmuch  as  the  segment  of  the  brain  to  which  they  relate  is  of  inferior 
sixe  in  bony  fishes :  and  they  are  still  smaller  in  comparison  with  the  spine 
(11)  which  b  enormously  expanded,  in  relation  to  its  accessory  functions  as 
the  chief  contributor  to  and  protector  of  the  orbits.  The  bones  is,  wedged 
between  the  neurapophyses  and  spine,  affording  an  articular  surface  to  the 
proximal  piece  of  the  haemal  arch,  and  developing  a  transverse  process  for 
muscular  attachments,  are  the  parapophyses.  The  bones  (17)  have  as  little 
essential  connection  with  the  typical  neural  arch  above  demonstrated,  as  the 
bones  is,  is"  had  with  the  corresponding  arch  of  the  parietal  vertebra :  and 
their  more  peculiar  form  in  relation  to  the  ball  which  they  protect,  and  their 
▼ariable  histological  condition  in  the  vertebrate  series,  have  not  only  prevented 
their  ever  being  mistaken  for  parts  of  cranial  vertebrae,  but  have  led  to  the 
opponte  extreme  of  excluding  them  altogether  from  the  bones  of  the  skull, 
with  which  they  are  as  much  entitled  to  rank  as  the  petrosal  (is)  or  the 
turbinal  (10) ;  but  always  in  the  category  of  sense-capsules  or  'splanchno- 
skeletal '  pieces. 

In  r^ard  to  the  inferior  arch  of  the  frontal  segment,  the  subdivision  of  its 
constituent  elements,  in  subserviency  to  its  special  functions,  b  carried  to  as 
great  an  extent  as  in  that  of  the  parietal  segment.  I  regard  the  four  over- 
lapping and  closely-connected  pieces  from  the  upper  joint  (ssa)  to  the  lower 

*  Hunterisn  Lectures  on  Vertebrata,  p.  79,  fig.  27,  87. 
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joint  (ttcO  uiclasive}  as  the  flatrapopkyMi  it  is  ixil  so  olnrioiw  ^irfiether 
the  bones  »-m  foim  a  subdiYided  haamapopkyma:^  or  whether  the  terminal 
bone  (n),  forming  by  symphysis  with  its  feilow  the  crown  of  the  inTerted  arch, 
may  not  be  the  moiety  of  a  mesially  divided  hamal  tpme^    Bat  the  general 
character  of  the  inverted  arch  (H  iii),  as  the  hsemal  complement  of  die  fron* 
tai  vertebra  is  unmistakeable,  and  its  serial  homology  with  the  sueeeeding 
arches  (H  ii  and  H  i)  is  fully  illustrated  in  fishes  by  its  sapporting  diwfergitty 
appaidagei  (34-S7).    These»  in  the  series  ot  fishes,  manifest,  in  an  noany 
permanent  arrests,  the  ehief  phases  of  development  that  the  eomapondlng 
appendages  of  the  occipito-haemal  arch  have  been  described  to  pass  tluroagh. 
The  diverging  appendage  of  the  fronto-hsBmal  arch  is  a  sin^e  and  «nple 
bony  style  in  the  lepidosiren ;  it  consists  of  three  or  four  single  rays  in  the 
monk-fish  and  some  other  plagiostomes ;  it  has  one  ray  eaEpanded  into  a  broad 
proximal  piece  in  the  conger,  which  sustains  a  distal  segment  of  die  appendage, 
one  member  of  which,  the  '  subopercular,'  still  retains  the  loj^  and  deader, 
ray-like  form,  which  is,  alMH  cleariy  traceable  in  the  broader  bat  loDg  and 
curved  '  opercular ';  in  the  cod,  as  in  most  osseons  fishes,  the  parts  of  the 
second  segment  of  the  appendage  (ss,  m,  sr,  fig.  5)  are  melunoiphoaed,  like 
the  proximal  one  (m),  into  broad  and  fl^  bones.    The  fin-like  fold  of  inte- 
gument, sustained  and  moved  by  means  of  this  diverging  appendage  and  its 
muscles,  reacts  upon  the  surrounding  water ;  but,  like  the  hyoid-fins,  with 
which  the  tympanic  or  opercular  fins  are  closely  connected,  they  are  chiefly 
subservient  to  the  creation  of  the  respiratory  currents  simI  their  diiection 
through  the  gill- chambers.    The  weight  of  these  appendages,  and  the  con- 
stant movements  in  connection  with  respiration,  as  well  as  those  which  the 
hsemapophysial  portions  of  the  arch,  modified  in  subserviency  to  natritioa 
have  to  perform,  as  jaws,  explain  the  necessity  of  the  subdivision  of  the  sup- 
porting pedicle  into  overlapping  pieces  allowing  of  a  certain  dastie  yielding 
with  recoil,  and  thus  diminishing  the  liability  to  fracture  without  a&cting, 
except  by  increasing,  the  strength  of  the  arch.    The  trochlear  joint  between 
the  two  elements  of  this  arch  (at  ssci  and  is)  with  its  cartilage  and  synovial 
sac,  repeats  the  complex  structure  of  the  articulation  between  the  vertebral 
and  sternal  portions  of  the  ribs  in  birds.     To  the  fore-part  of  the  lower  piece 
(tacT)  of  the  pleurapophysis  is  usuaUy  articulated  a  bone  (m)  connecting  it 
with  another  bone  (m)  in  advance :  the  ground  for  regarding  Mas  appertain- 
ing to  the  arch  (s«,  ti  and  st,  H  iv)  will  be  explained  in  the  description  of 
that  arch. 

There  renuuns,  then,  iu  the  fish's  skull,  to  be  considered,  the  group  of 
bones  (N  iv,  H  iv,  fig.  5)  forming  its  anterior  extremity;  and  we  jiave  to  in- 
quire, whether  there  can  be  traced  in  this  easily  separable  group  such  a  con- 
cordance in  its  formation  with  the  arrangement  of  the  constituents  of  the 
foregoing  s^^ents  as  will  justify  its  being  regarded  as  a  natural  segment  of 
the  skull,  and  as  still  illustrating  the  type  on  which  all  the  other  s^ments  of 
the  endoskeleton  have  been  constructed.  Fig.  4  gives  the,  same  view  of  the 
bones  of  this  group  in  vertebral  relation  with  the  rhinencepbala  as  the  views 
in  figs.  1, 2  and  3  do  of  the  bones  having  a  similar  relation  to  the  three  lamer 
segments  of  the  brain :  we  perceive  t£e  single  and  symmetrical  bone  \\%) 
forming  the  basis  of  the  arch,  and  sustaining  the  bones  14, 14,  which  more 
immediately  support  the  olfactory  ganglions  and  transmit  their  nerves,  either 
by  grooves  or  foramina,  to  the  olfactory  capsules :  the  key  of  the  arch  is 
formed  by  the  single  and  symmetrical  bone  is,  which  is  articulated  to  and 
chiefly  sustained  by  the  bones  h,  14:  but  10  is  expanded  and  deflected 
anteriorly  so  as  to  rest  directly  upon  13  and  completely  obliterate  the  neural 
canal ;  the  heemal  canal  being  in  like  manner  closed  bv  the  approximation  of 
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die  fc»m«l  >piae  (st)  to  the  oaial  ceDlram  (is),  and  by  the  upward  develop- 
neat  ni  the  proccflaes  of  tt  which  join  the  neural  spine  (is).  Much  modifi- 
cation was  to  be  expected  in  the  segment  which  terminates  the  skeleton 
anteriorly  ;  and  yet  the  typical  characters  of  the  neural  arch  are  more  com- 
pletely preserved  here  than  at  the  opposite  end  of  the  vertebral  column.  If 
the  bonea  4,  s,  is,  which  I  recognise  as  *  parapophyses '  in  the  cranial 
a^ments  1,  11,  iii,  must  be  viewed  as  superadded  intercalations  for  the 
qieeialand  characteristic  expansion  of  the  neural  arches  of  those  segments— 
Bonnal  dementis  indeed,  of  the  typical  vertebra,  but  with  modified  connections 
for  eianial  functions — ^then  the  disappearance  of  their  homotypes  in  the  nasal 
segment  restores  its  neural  arch  (fig*  4)  to  the  more  common  condition,  and  we 
recognise  in  is  the  cenlnmi,  in  t4, 14,  the  nmnq)opky9e$y  and  in  is  the  neural 
tpme  ci  the  nasal  vertebra. 

Bat  the  segment  to  be  complete  should  exhibit  a  second  arch,  inverted  ;  and 
«e  find  sneh  arch  closed  or  completed  by  the  symphysis  of  the  bones  st, 
fig.  5,  and  suspended  to  the  sides  of  the  centrum  is  and  to  the  neurapophyses 
u,  14,  by  the  bones  is,  as  the  piers  or  crura  of  the  arch ;  these  bones  being 
eonnected  to  the  key-bones  ts,  by  the  intermediate  bones  si.  Now,  the 
BMxiifications  which  these  elements  of  the  inverted  or  hsmal  arch  of  the 
nasal  vertebra  have  undergone,  are,  also,  much  less  than  might  have  been 
anticipated  from  the  extent  to  which  the  segments  are  modifi«|  at  the  oppo- 
site extreme  of  the  endoskeleton.  All  the  normal  elements  of  the  haemal 
aick,  for  example,  are  retained :  is  is  the  pleurapopkym^  11  the  hcemapo* 
pkftu^  and  91  the  hctmai  tpiney  in  most  fishes  divided  at  the  middle  line,  but 
MM&etiiaes  confluent  with  its  fellow  e.g.  Diodan*  The  essential  (pleur- 
apophysial)  part  of  is  extends  in  many  fishes  (e.  ff»  percoids)  like  a  short 
itraight  rib  from  its  articulation  with  is  and  14  to  the  condyle  at  its  opposite 
end  to  which  the  haemapophysis  is  is  articulated ;  but  it  usually,  also,  de- 
velopes  a  process  from  its  hinder  margin  downwards  and  backwards,  which 
gives  attachment  to  the  diverging  appendage  of  the  arch  H  iv.  The  de- 
vdopment  of  the  other  bones  oF  the  arch,  si  and  n,  outwards,  downwards 
and  backwards,  is  still  more  marked  in  relation  to  the  protractile  and  retrac- 
tile movements  of  the  arch  in  most  osseous  fishes ;  and  some  anatomists, 
infioeneed  by  the  form  and  proportions  rather  than  the  connections  of  those 
bones,  have  described  them  as  independent  parallel  arches :  but,  as  such, 
they  most  be  regarded  as  being  suspended. by  their  apices  or  key-stones  to 
the  axis  of  the  skull,  and  as  having  their  haunches  hanging  freely  downwards 
and  outwards — a  position  the  reverse  of  that  of  the  foregoing  inferior  arche» 
of  the  skoll  and  of  every  typical  hasmal  arch.  The  reduction  of  that  di- 
vergent development,  characteristic  of  the  bones  11  and  is  in  fishes,  is  ef- 
fected in  a  great  degree  within  the  limits  of  the  piscine  class :  already  we 
find  one  of  the  spurious  arches  abrogated  in  thesalmonoid  fishes  by  the  short- 
ening of  11,  and  its  more  direct  continuation  from  si,  which  now  forms  the 
laIg^^  part  of  the  upper  border  of  the  mouth  and  supports  teeth  :  the  con- 
fluent \piaxillaries  and  premaxillaries  send  down  only  a  single  divergent 
process  from  their  point  of  suspension  to  the  palatine  condyle  in  the  plecto- 
goathic  fishes;  and  the  consolidation  of  all  the  elements  of  the  palato- maxillary 
ardi  into  its  normal  unity  is  efiected  in  the  lepidosiren*.  The  palatines  (is) 
always  form  the  true  bases  or  suspensory  piers  of  the  inverted  haemal  arch 
at  their  points  of  attachment  to  the  prefrontals  (14)  ;  the  premaxillaries,  te, 
confute  the  true  apex  or  crown  at  their  symphysis  or  point  of  confluence, 
H IV ;  the  approximation  of  which  to  the  anterior  end  of  the  axis  of  the  skull 
is  rendered  possible,  in  fishes,  by  the  absence  of  any  air-passage  or  nasal 

*   Hutiterian  Lectures,  Vericbrata,  p.  81,  fig.  29. 
18*6.  u 
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canal.  The  diTergiog  appendage,  sometimet  Miigle  and  anebyloMd  to  the 
arch  (lepidosiren) ;  sometimes  single  and  detached  like  a  long,  narrow  booe 
(some  morsnoids) ;  more  commonly  consists  of  two  bones  (ts,  t4),  which 
extend  outwards,  downwards,  and  backwards  from  the  plearapo|^jsb  (m)  ; 
but  the  more  constant  and  better  ossified  bone  of  the  two,  no.  14,  articolates 
posterioriy  with  the  succeeding  pleurapophysis  (ts)  and  combiaes  its  moye* 
ments  with  those  of  its  own  arch,  just  as  the  diverging  appendages  of  one 
thoracic  httmal  arch  in  the  bird  associate  the  movements  of  thai  arch  with 
those  of  the  next  in  suoeession  (as  in  fig.  15,  ply  Oj-pT).  The  hsBmapophyses 
here,  as  at  the  opposite  end  of  the  body,  begin  so  far  to  dissociate  thenuelves 
from  the  pleurapophyses  as  to  articulate  also  directly  with  the  eentmm  (is) 
as  well  as  with  the  pleurapophyses;  I  regard  this  as  a  very  interesdiig  ap- 
proximation to  that  condition  of  the  typical  vertebra  which  is  illustrated  by 
the  diagram  (fig.  14),  and  which  is  seen  in  nature  in  the  caudal  vertebras  of 
the  crocodiles,  enaliosaurs  and  menopome  (fig.  88,  H). 

From  the  foregoing  analysis  it  appears,  then,  that  in  osseous  fishes  the 
endoskeletal  bones  of  the  head  are  arranged,  like  those  of  the  trunk,  in  seg- 
ments ;  that  these  are  four  in  number,  and  that  they  closely  conform  to  the 
character  of  the  tvpioal  vertebra. 
Thus  we  have  four  cratrums  and  neural  arches :  via. 

N  I.  Epencephalio  arch  (figs.-l  and  5,  i,  t,  s,  4) ; 

N  II.  Mesencephalic  arch  (figs.  2  and  5,  a,  s,  r,  s) ; 

N  III.  Prosenoephalic  arch  (figs*  3  and  5,  s,  is,  11,  is) ; 

N  IV.  Rhinencephalic  arch  (figs.  4  and  5, 13, 14,  ts). 
As  a  collective  name  for  the  sum  of  these  immoveably  articulated  arches 
would  be  as  convenient  as  the  anatomist  finds  the  names  'sacrum'  and  *  cara- 
pace,' applied  to  similarly  consolidated  portions  of  vertebral  segments  in  the 
pelvic  and  abdominal  regions  of  certain  air-breathing  vertebrates,  that  of 
*  cranium '  may  well  be  retained  for  the  neural  arches  of  the  skull :  but  it 
should  be  understood  to  signify,  in  all  animals,  the  bones  1  to  is  inclusive ; 
whereas  it  has,  hitherto^  been  applied  variably  in  different  species;  some- 
times including  sense-capsules  and  facial  bones,  intercalated  to  expand  the 
walls  of  the  cavity  for  a  large  brain ;  and  more  frequently  exdudiag  true 
cranial  bones,  those  of  the  rhinencephalic  arch,  for  example,  which  encompasa 
as  essential  a  part  of  the  encephalic  chamber,  as  the  sacral  vertebrss  do  of  the 
neural  canal  at  the  opposite  end  of  the  vertebral  axis ;  although  in  both  in- 
stances the  extremities  of  the  neural  axis  may  have  been  withdrawn,  in  the 
course  of  its  conceatrative  change  and  movement,  from  their  original  seat. 
-  The  haemal  arches  indicated  by  the  arrows  in  fig.  5,  the  heads  marking 
the  point  of  junction  or  crown,  are, — 

H  I.  Scapular  arch  (ss-ss) ; 

H  II.  Hyoidean  arch  (38-43) ; 

H  III.  Mandibular  arch  (ts-s?); 

H  IV.  Maxillary  arch  (ss-tt). 
The  diverging  appendages  of  the  heemal  arches  are,-— 

1.  The  Pectoral  (54-w) ; 

2.  The  Branchiostegal  (44) ;  I 
S.  The  Opercular  ^34-37^ ;  1 
4*.  The  Pterygoid  (i3hm). 

The  bones  or  parts  of  the  splanchno-skeleton  which  are  interealated  with 
or  attached  to  the  arches  of  the  true  vertebral  segments,  arc, —  ' 

The  Petrosal  (is)  or  ear-capsule,  with  the  otolites,  m'';  I 

The  Sclerotal  (17)  or  eye«capsule ;  I 

The  Turbinal  (is)  or  nose-capsule ;  I 

The  Branchial  arches ; 


ON  THE  YKBTBBBATB  8KSLBTON.  285 

TklNth. 
Tke  boMoftbe  denno-aLeletoo  tie,— 
TheStpnleaiponk; 
neSopnorbiuk; 
TheSnborbitak; 
TkLiiMk 
Such  iirpem  to  be  the  naloral  danificatioo  of  the  parts  whidi  eonstiiole 
the  eoBplei  iksU  of  oiseoiu  fitbet. 

^  ^<>J9^or  the  preeent  repwt  veklet  ckiefly  to  tke  endodidetoB,  I 
bye  eriyadded  the  oweooe  parte  of  the  leiiM  opeolestothecnuiialvertcbm 
afi^5;  Muttiog the biaadiial affches  aod  dermal  boneax  thehamal  arches 
ttd  their  appendages  are  given  in  diagnoMnatic  ootliiie» 
.  %^i|'>^  Proeeeding  with  the  inqairy  into  the  natoral  arrangeiDeDt  of 
theskaJKbouei,  I  hare  selected  from  the  Bqinaia  the  croeodUct  as  a  typical 
aaopkof  that  daaa,  and  one  most  likely  to  fiM»litale  the  inquiry  on  aocoaot 
«  ne  chanetetttie  persbtenoe  of  the  primitiTe  cimnial  satnres. 

PiaiiiBg  tbe  aaae  mode  of  investigation  as  ia  the  case  of  the  fish»  let  ns 
<»"^M>we  the  hiiidmosi  segment  of 
tlu^akiillaiid  lodetach  the  four  bones,  Fig.  18. 

repwented  in  i^.  18.  The  dotted 
cmde  mdieitei  the  points  at  which 
Jj*«  iwoei  aic  joined  together,  in 
«w  toeDcomiMW  the  epencephalon, 
«  himliBort  •egment  of  the  brain. 
^ '  ■the^aifriaB ;  t»  t  are  the  new 
VW*»  with  the  coalesced  par^ 
U  «);  aod  8  is  the  neural 
m  elenent  difiers  but  little 
?^|««<*thipe  from  the  similarly 
T'fW  aad  dqtressed  neural  spine 
ofihe  itb  of  the  ciocodile.  The 
■?8»«»»ex eoodyle  at  the  back  part  ^^^"'^^'^^^^SSa^^^' ^^"^ *^ 
J«J»  I  aakea  that  centrum  resemble 
r*?***^  eonvex  bodies  of  the 

''"''^^^rtebrB  in  as  striking  a  manner  as  the  repetition  of  the  articular 

T^^'^  ^  basioccipital  of  *the  cod  (fig.  1,  i)  marks  iu  serial  homo- 

y^^  the  wiceeeding  vertebral  centrums  of  the  same  animal.    In  the 

g^^  proeeas  from  the  under  part  of  the  occipital  centrum  of  the 

T?^(^'  i^  0»  we  see  a  second  character  of  the  cervical  centrums  in 

T^/]^  repeated,  viz.  their  inferior  exogenous  spine.    The  neurapo- 

n^  (*»*)»  like  those  of  the  atlas,  meet  above  the  neural  canal :  they  give 

^to  the  vagal  and  hypoglossal  nerves,  and  protect  the  sides  of  the  me- 

~J  oUoagaia  aod  cerebellum.    The  neural  spine  (s)  protects  the  upper 

'^  of  the  cerebellttm :  it  is  also  traversed  by  tympanic  cells,  and  assists, 

!^  fW  hoses  t,  1,  in  the  formation  of  the  chamber  for  the  internal  ear. 

^  >peeial  homology  of  the  outstanding  processes  (4,  4)  in  the  crocodile 

rjjy^^  (%  10),  with  the  similarly  situated  but  distinct « paroccipital' 

^iotliecod,  is  confirmed  by  their  resuming  their  independency  in  the 

^"^segment  of  the  skull  of  the  chelonian  reptiles ;  and  the  occipital  neural 

''^tftlie  crocodile  is  reduced  by  their  confluence  with  the  neurapoph^ 

.^^  condition  of  those  of  the  trunk- vertebrae,  as  composed,  viz.  r 

i^M  of  tiz  elements. 

Tk  epencephalic  arch  ofiers  the  same  simple  condition  not  onl 
but  in  most  saurians:  the  chameleons  however  retain,  I 

u2 
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cheloDianSy  the  iciithyic  independeDce  of  the  parapophjaet  (49  «}•  lo  balra- 
chians  the  epencephalic  arch  is  reduced  to  the  two  important  elenentoy  the 
ueurapophyses ;  which  meet  and  join  each  other  below  as  well  aa  above  the 
foramen  magnum,  and  develope  the  exc^enous  zygapophjaea,  or  two  occipital 
condyles,  for  articulation  with  the  corresponding  prooeases  of  the  neund  arch 
of  the  atlas.  The  basioccipital,  if  it  exists  in  batrachians,  is  rudiaaeotal  and 
confluent  with  the  basisphenoid,  and  the  supraoccipital  is  in  like  nuiBDer 
recognisable  only  as  the  posterior  border  of  the  backwardly  produced  pvietaL 
The  parapophyses  are  short  ex<^enous  processes  of  the  neurapophysea  of  this 
much  simpliiied  epencephalic  arch  in  all  batrachian  reptiles. 

The  chief  modification  that  distinguishes  the  above-described  segment  of 
the  crocodile's  skull  from  its  homologue  in  the  fish,  is  the  abaeoee  of  an 
attached  inverted  or  hsemal  arch.  We  recognise^  indeed,  the  special  homo- 
lognea  of  the  piscine  constituents  of  that  arch  in  m,  si  and  st»  fig*  82.  The 
upper  suprascapular  piece  (ss)  is  however  free,  disconnected  from  aay  seg- 
ment, and  retains,  in  connection  with  the  loss  of  its  proxiauA  or  cranial 
articulations,  its  cartilaginous  state :  the  scapula  (51)  is  ossified,  as  is  likewise 
the  coracoid  (m),  the  lower  end  of  which  is  separated  tmm  its  fellow  by  the 
interposition  of  a  median,  symmetrical,  partially  ossified  pieee  called  '^pister^ 
num '  (^).  The  power  of  recognising  the  special  homologies  of  §•»  ci,  and 
n  in  the  crocodile,  with  the  similarly  numbered  constituents  of  the  arch  H  i 
In  fishes  (fig.  5),  though  masked  not  only  by  modifications  of  form  and  pro- 
portion but  even  of  very  substance,  as  in  Uie  case  of  m,  depends  upon  the 
circumstance  of  these  bones  constituting  the  same  ess^iUal  dement  of  the 
archetypal  skeleton  :  for  although  in  the  present  instance  there  is  superadded 
to  the  adaptive  modifications  above  cited  the  rarer  one  of  altered  conneetioaa» 
Cuvier  does  not  hesitate  to  give  the  same  names  (suprascapnlaue)  to  ss 
and  (scapulaire)  to  si,  in  both  fish  and  crocodile ;  but  he  did  not  perceive  or 
admit  that  the  narrower  relations  of  special  homology  were  a  lesuk  of,  and 
necessarily  included  in,  the  wider  law  of  general  homology.  Acoordiag  to 
the  view  of  this  law  here  taken,  we  discern  in  m  and  si,  Hgm  9%  a  teledogi^ly 
compound  pleunqHiphynBy  in  n  a  hwnuqMjphysu^  and  in  hM  the  htamai 
ipinej  completing  the  hsemal  arch. 

The  general  relations  of  the  scapulo-concoid  arch  to  a  hnmal  or  costal 
one  have  been  long  recc^nised,  but  the  vertebral  segment  to  which  it  appei^ 
tains  seems  not  hitherto  to  have  been  suspected,  and  has  certainly  not  been 
satisfactorily  determined.  Oken,  who  had  observed  the  free  cerrioal  ribs  in 
a  specimen  of  the  Lacerta  apoda^  Pallas  (PsmdStpMt ),  deemed  them  r^ire- 
sentatives  of  the  scapula,  and  this  bone  to  be,  in  other  animals,  tfaeooaleaDed 
homol(^oes  of  the  cervical  pleurapophyse^.  In  no  animal  are  the  conditions 
for  testing  this  question  so  favourable  and  obvious  as  in  the  erocedile:  not 
only  do  cervical  ribs  coexist  with  the  scapulo-coracoid  arch,  but  they  are  of 
unusual  length  and  are  developed  from  the  atlas  as  well  as  from  each  suc- 
ceeding cervical  vertebra :  we  can  also  trace  them  beyond  the  thorax  to  the 
sacrum,  and  throughout  a  great  part  of  the  caudal  region,  as  the  satares  of 
the  i4>parently  long  transverse  prooeases  of  the  coccygeal  vertebra  demon- 
strate in  the  young  animal;  the  lumbar  pleurapophyses  being  ssanifested 
at  the  same  period  as  cartilaginous  appendages  to  the  ends  of  the  long  dia- 
pophyses. 

*  '' AQch  die  Sctpulm  nicht  em  Knochen,  tondem  wenSgstent  efaie  am  fQof  Rabrippen 
oitammengeflofwne  Flstte  ist."— Progrunm,  &c,  4to,  1807,  p.  Ilk  He  lepradaoes  the 
tame  idea  of  the  general  homology  of  the  scapols  in  the  '  Lehrimch  dcr  Natsa-pUloasphie,' 
1843,  p.  331,  Y  2381.  Canu  alio  regards  the  scapido-coracoid  an^  as  the  rennioa  of  seve. 
ral  (at  least  three)  protoreitebral  arches  of  the  tnink-segmenta.  '  Urtheilen  det  Knochen 
nnd  Schalen  geruites,  foL  dzliii. 
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He  tfcapRlo-cofsocHd  arch,  both  elements  of  which  rataia  the  fonn  of 
itroiig  aad  thick  vertebral  and  sternal  ribs  in  the  crocodile,  is  implied  in  the 
ikeleloti  of  tiiat  animal  over  the  anterior  thoracic  hsBmal  arches.  Viewed 
as  a  more  robost  hsemal  arch,  it  is  obviood  j  out  of  place  in  reference  to  the 
rest  of  its  vertebral  segment  If  we  seek  to  determine  that  segment  by  the 
mode  in  which  we  restore  to  their  centrums  the  less  displaced  neural  arches 
in  the  sacrum  of  the  bird  (fig.  27»  fi  i-n  4),  we  proceed  to  examine  the  verte- 
br»  before  and  behind  the  displaced  arch  with  the  view  to  discover  the  one 
whieh  needs  it  in  order  to  be  made  typically  complete*  Finding  no  centrum  and 
neural  arch  without  its  pleurapophvses  from  the  scapula  to  the  pelvis,  we  give 
up  our  search  in  that  direction ;  and  in  the  opposite  direction  we  find  no  verte- 
bra withovt  its  ribs  until  we  reach  the  occiput :  there  we  have  centrum  and 
neniml  areh»  with  coalesced  parapophyses — the  elements  answering  to  those 
indttded  in  the  arch  N  i,  fig.  5— but  without  the  arch  H  i ;  which  arch 
eu  ooiy  be  supplied,  without  destroying  the  typical  completeness  of  antece- 
dent eranisi  segments,  by  a  restoration  of  the  bones  sf-51,  to  the  place  which 
they  natundly  occupy  in  the  skeleton  of  the  fish.  And  since  anatomists 
are  generaOy  agreed  to  r^ard  the  bones  ss-^s  in  the  crocodile  (fig.  22) 
as  specially  homologous  with  those  so  numbered  in  the  fish  (fig.  5),  we 
must  coBciiide  that  they  are  likewise  homologous  in  a  higher  sense ;  that  in 
fig.  5  the  scapulo-coracoid  arch  is  in  its  natural  or  typicid  place,  whereas  in 
the  crocodile  it  has  been  dispkced  for  a  special  purpose.  .  Thus,  agreeably 
with  R  general  principle,  we  perceive  that  as  the  lower  vertebrate  aninml 
tUostraies  the  closer  adhesion  to  the  archetype  by  the  natural  articulation  of 
the  soapulo-ceracoid  arch  to  the  occiput,  so  the  higher  vertebrate  manifests 
theaaperitnrtafiuaiee  of  the  antagonising  power  of  adaptive  modification  by 
the  removal  of  that  arch  from  its  proper  segment 

The  aeapnla  retains  the  more  common  cylindrical  long  and  slender  rib- 
like form  of  the  pleurapophysis  in  the  chelonian  reptiles,  where,  from  the 
greater  length  of  the  neck,  it  has  retrograded  further  than  in  the  crocodile 
from  its  proper  centrum,  and  is  placed  not  upon,  but  within,  an  anterior 
thoiacie  hmmal  arch,  the  pleurapophysis  of  which  has,  on  the  other  hand, 
been  expanded  like  a  scapula. 

If  the  arguments  founded  upon  the  rehitions  of  the  scapulo-coracoid  arch 
to  the  aegments  of  the  skeleton  in  osseous  fishes  and  crocodilians  be  admitted 
to  sustain  the  conclusion  here  drawn  from  them,  that  arch  must  be  held  to 
form  the  fasemal  complement  of  the  occipital  vertebra  in  all  animals.  Bojanus, 
io  lilnstmting  his  vertebral  theory  of  the  skull  by  the  osteology  of  the  Emjft 
Emn/MBOt  thus  defines  the 

'^VbRTBBRA  occipitalis,   81  VE  CAPITIS  PRIMA. 

'*  Basis  oodpitis,  sen  corpus  hujus  vertebrse, 

^  IHus  lafeetalia  occipitis,  sive  areut^ 

^'Criste  oodpitalis,  jif!ooein»  tpinosi  loco, 

"  CiMEBa  majus  hyoidis,  coita  vertebras  occipitalis  comparandum  *." 

He  adds  a  dotted  outline  of  the  hyoid  arch  to  complete  the  vertebra  00- 
c^idiafij^iii  lab.  xii.  fig.  32,  B.  1  of  his  beautiful  Monograph. 

SopfMSBing  the  vpeeM  homology  of  the  middle  comua  of  the  hyoid  of  the 
eheioiiiaiiy  ao  represented  and  compared  to  ribs  by  Bojanus,  with  the  stylo*, 
epi-  and  oerato-hyals  of  the  fish  (fig.  5,  ss,  so,  40)  to  have  been  correct,  which 
the  metamorphoses  of  the  hyoid  and  branchial  arches  in  the  batrachians  dis- 
prore^  the  singular  and  highly  interesting  change  of  position  as  well  as  shape 
of  the  traeeeratohyals,  during  the  same  metamorphosis,  prepares  us  to  expect 
ft  retrogradatiiMi  of  the  hyoid  arch  in  respect  to  its  proper  centrum,  in  the 

*  AQStome  Testudinia  Baropee,  fol.  1819,  p.  44. 
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skulls  of  the  iir*breatliing  vertebntes.  Id  the  young  tadp<^  the  thtek  6ar« 
tilaginoiis  hyoidean  arch  *  is  Baspended,as  In  fishes,  from  the  ^mpanic  pedide : 
the  slender  hjoidean  arch  of  the  mature  frog  is  suspended  from  the  petrosal 
capsule  f.  The  mandibular  arch  has,  also,  receded  ;  and  the  scapalar  arch 
which,  at  Its  first  appearance,  was  in  dose  connection  with  the  occifmt,  farther 
retrogrades  in  the  progress  of  the  metamorphosis  to  the  place  where  we  find 
it  in  the  skeleton  of  the  adult  frog. 

The  argument,  therefore,  may  be  summed  up  as  follows.  The  pomtion  of 
the  nenrapophyses  in  the  dorsal  vertebm  of  chekmians  and  in  the  oacrai  ver- 
tebrsB  of  dinosaurians  and  birds,  shows  that  a  change  of  relative  poeitioD  in 
respect  of  other  elements  of  the  same  vertebra  may  be  one  of  the  tdeological 
modifications  to  which  even  the  most  constant  and  important  eiemente  are 
subject.  Instead  of  viewing  such  shifted  arches  as  Independent  individual  parts, 
we  trace  their  cdation  to  the  stationarv  elements  of  the  vertebral  a^moitB — 
the  centrums.  Thus,  commencing,  for  example,  with  the  anterior  of  the 
sacral  vertcbrte  of  the  ostrich,  A  in  fig.  27,  we  observe  that,  beskiea  sup- 
porting its  own  neural  arch,  it  bean  a  small  por&n  of  that  of  the  ncnct  ver- 
tebra :  the  third  neural  ardi  (n  i)  has  encroached  further  upon  the  eeatrum 
of  the  vertebra  in  advance ;  and  thus,  in  respect  to  the  neursl  arch  (it  a},  if 
it  were  Tiewed  with  the  centrums,  et  and  e  i,  upon  which  it  equally  rents, 
apart  from  the  rest  of  the  sacrum,  it  would  appear  to  ^peitun  equally  to 
either,  and  be  referable  to  the  one  in  preference  to  the  other  quite  gra- 
tuitously. Nevertheless  as  is  proved,  by  the  intermediate  changes  in  ante- 
cedent neural  arches,  to  belong  actually,  and  in  no  merely  imaginary  or  trans- 
cendental sense,  to  c  s  altogether,  and  not  to  the  segment  of  which  o  i  Is  the 
centrum ;  and  in  tracing  the  modifications  of  those  aacral  vertebre  wklch 
follow  e  t,  we  find  n  4  to  have  regained  nearly  the  whole  of  Its  centrani,  ^  4, 
and  the  normal  relations  of  the  elements  are  quite  restored  in  the  ioeeocding 
vertebra. 

Now  let  us  suppose  the  habits  of  the  species  to  have  required  a  more 
extensive  displacement  of  the  arch  (n  t)  and  its  appendages :  if  its  formal 
characters  as  a  neural  arch  were  still  retained  beneath  the  adaptive  dev^op- 
ment  superadded  to  the  adaptive  dislocation,  and  if  the  segments  before  and 
behind  tiie  centrum  e  t  were  found  complete,  and  that  centrmn  alooe  wantinf; 
iig  neural  arch;  would  the  mere  d^ree  of  modification  in  respect  of  relative 
position  nullify  the  conclusion  that  the  shifted  arch  appertained  to  soeh  in- 
complete segment,  and  forbid  that  restoration  to  the  typical  condition,  which 
no  anatomist,  it  is  presumed,  will  dispute  in  the  case  of  n  s,  cs,  fig.  27  ?  N^o 
anthropotomist  hesitates  in  pronouncing  the  exact  vertebra  to  whieh  tKe 
sixth  ribs  belong  in  the  human  skeleton.  But,  separate  that  costal  arch 
with  the  two  bodies  and  neural  arches  of  the  vertebrae  with  which  it  articu- 
lates, and  to  which  of  them  it  belonged  would  be  as  questionable  as  hi  the 
instance  of  the  displaced  neural  arch  in  the  bird's  sacrum.  Hie  head  of  each 
rib  is  applied  half  to  the  upper  centrum,  half  to  the  lower  one :  the  upper 
border  of  the  neck  of  the  rib  articulates  with  the  upper  neural  arch,  the  tu* 
bercle  with  the  diapophysis  of  the  lower  neural  arch.  If  a  natundist,  not 
conversant  with  the  definitions  of  human  anatomy,  were  shown  this  detached 
part  of  the  human  skeleton  and  were  pressed  to  determine  the  proper  centrum 
and  neural  arch  of  the  hypothetioally  displaced  costal  element,  the  attempt 
might  seem  to  him  gratuitous:  and  to  the  qnestion,  to  which  of  sticli 
centrums  the  rib  exclusively  (as  to  the  pre-existing  pattern)  belonged  ?    h< 

*  CuTier,  Ossein.  Foss.  v.  pt.  it  pi.  24,  fig.  23,  a. 

t  lb.  fig.  27,  a:— an  intermediate  stage  is  shown  at  fig.  25.  Dug&  and  Kdchert  eonfini: 
and  further  illostrate  this  change  of  poiition  of  the  hyo''" ^ 
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miglit  repljTf  to  oeitber.  And  siHsh,  doubtless,  would  be  the  matter-of-fact 
answer  moat  congeiiial  to  the  eharacter  of  mind  which  would  limit  its  views 
to  the  specialities  of  the  ribs  as  parts  independent  of  any  ideal  archetype,  or 
be  unable  or  unwilling  to  push  the  consideration  of  their  connections  beyond 
the  purpose*  apparently  subserred  thereby.  A  second  anatomist  might  see 
in  the  more  constant  articulation  of  the  costal  tubercle  with  the  transverse 
process,  a  character  which  would  incline  the  balance  in  favour  of  the  vertebra 
to  which  the  transver^  process  belonged.  A  third  anatomist  might  extend 
btf  comparisons  to  other  ribs  and  centrums,  and  finding  the  lower  centrum 
ohteining  by  degrees  a  greater  proportion  of  the  head  of  the  rib,  until  the 
first  and  last  ribs  respectively  wholly  articulated  to  the  centrum  answering  to 
the  lower  one  in  the  case  of  the  hypothetically  detached  sixth  pair,  he  would 
eoodnde  that  such  pair  of  ribs  belonged  essentially  to  the  lower  and  not 
to  the  upper  supporting  centrum,  and  he  would  count  accordingly  such 
bver  centrum  with  its  neural  arch,  as  the  sixth  of  those  vertebrte  which  are 
chaiaeterixed  as  supporting  ribs.  The  anthropotomist,  in  fact,  in  so  counting 
and  definii^  the  donal  vertebrae  and  ribs,  admits  unconsciously  perhaps,  an 
ioportant  principle  in  general  homology,  which  pursued  to  its  legitimate 
eoDsequeooea  and  further  applied,  demonstrates  that  the  scapula  b  the  modi* 
fied  rib  of  tbat^centrum  and  neural  arch  which  he  calls  the  '  occipital  bone,' 
sod  that  the  diange  of  place  which  chiefly  masks  that  relation  (for  a  veiy 
ebnentary  acquaintance  with  comparative  anatomy  shows  how  little  mere 
forai  and  proportion  affect  the  homological  characters  of  bones)  differs  only 
in  extent  and  not  in  kind  from  the  modification  which  makes  a  minor  amount 
of  comparative  observation  requisite  in  order  to  determine  the  rektion  of  the 
shifted  sixth  lib  to  its  proper  centrum. 

With  reference^  therefore,  to  the  occipital  vertebra  of  the  crocodile,  if  the 
eonparatively  w^Uieveloped  and  permanently  distinct  ribs  of  all  the  cervical 
ff rtebrse  prove  the  scapular  arch  to  belong  to  none  of  those  segments,  and, 
if  it  be  wanting  to  complete  the  oocipilal  segment,  which  it  actually  does 
caiBplcle  in  fishes,  then  the  same  conclusion  must  apply  to  the  same  arch  in 
fltheraniaiaUs  and  we  must  regard  the  occipital  vertebra  of  the  tortoise  as 
oooipieted  below  by  its  seapulo*coracoid  arch,  and,  not  as  Bcjanus  supposed, 
by  lis  ^oidean  arch*. 

With  tlieae  views  of  the  general  homology  of  the  scapukMSoracoid  arch, 
tbe  onbryolc^ist  will  observe  with  less  surprise  its  constant  appearance  in 
the  fint  isatanee  chise  to  the  occiput,  and  its  equally  constant  primitive  ver« 
tieal  poaitioo ;  however  far  back  it  may  be  subsequently  removed,  or  to 
whatever  extent  it  may  be  rotated,  in  the  same  progress  to  maturity,  out  of 
ili  origiDai  psyrall^  direction  with  the  more  normal  pleurapopfayses* 

Retnmiag  to  the  study  of  the  crocodile's  skull  in  reference  to  the  verte- 
brsCe  archetype^  if  we  proceed  to  dislocate  the  next  segment  in  advance  of 
the  oecifMtal,  we  bring  away  in  connection  with  the  long  base-bone,  s  and  o, 
%2%  the  bones  connected  by  the  double  lines  N  ii,  N  iii,  and  by  the 

*  GeeSrof  St.  HilaicB  selected  the  opercular  and  aubopercular  bones  to  ibrm  the  inverted 
srdi  of  Us  leventh  (occipital)  cranial  yertebra  (Table  III.  and  note  11),  and  took  no  account 
of  fbe  instmctrre  natural  connections  and  relatiye  position  of  the  hyoidean  and  scapular 
tnhas  hi  Mies.    With  regard  to  the  scapular  arch,  he  alludes  to  its  sorticulation  with  the 
AaH  is  the  lowest  of  the  vcrtebisle  dasses  as  aa '  amalgame  inattendae '  ( Anatomie  Philo- 
wpfcsqm^  p^  4S1)  }  and  dsewhese  describes  it  as  a  "  disposition  f6itablenient  tr^s  singulis, 
et  tpjt  le  Boanqne  absolu  de  con  et  une  combinaison  des  pi^es  du  sternum  ayec  r^llM  H*  u 
i«ie  poQToient  senles  rendre  possible." — Annales  du  Museum,  ix.  p.  361. 
eocioH  of  the  law  of  vegetatiye  imiformity  or  repetition,  and  of  the  ratio  of 
sai  power  to  the  girade  of  organization  of  the  species,  might  have  enabled  1 
tfe  tne  aignifiestioa  of  the  coanectioii  of  the  scapokr  arch  in  fishes. 
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Dinrticalated  meMncephalic  irch,  riewed  from  behind  : 
Croeodile. 


curved  arrows  H  ii  and  H  iii.  The  relations  of  the  superior  serieB  of  bones 
as  neural  arches  to  the  optic  lobes  and  cerebrum  are  even  less  doubtful  tbaa 
in  many  fishes,  by  reason  of  the  much  smaller  degree  of  independent  osvifi- 
cation  of  the  proper  capsule  of  the  acoustic  labyrinth*  Taking,  then,  the 
bones  forming  the  arch  N  ii,  we  find  them,  viewed  from  behind,  to  prasent 
the  general  arrangement  shown 

in  fig.  19.  The  hinder  (basisphe-  Fig.  19. 

noidal)  portion  of  the  bone  8  and 
0  forms  the  centrum,  and  imme- 
diately supports  the  floor  of  the 
mesencephalon,  or  lobe  of  the 
third  ventricle,  being^excavated 
for  the  pituitary  prolongation  of 
that  cavity ;  it  also  sends  a  pro- 
cess downwards,  'repeating,  like 
the  basioccipitaly  the  inferior 
exogenous  spine  of  the  centrums 
of  the  cervical  vertebrae.  The 
bones  e,  s  protecting  the  sides 
bf  the  mesencephalon,  and  notch- 
ed for  the  transmission  of  the 
trigeminal  nerve,  manifest  the 
ft^ura/M^AyWa/ characters  of  the 
segment  As  accessory  func- 
tions they  contribute,  like  the  corresponding  bones  in  fishes,  to  the 
tion  of  the  ear-chamber.  They  have,  however,  a  little  retrograded  in  _ 
tion  (see  fig.  9),  resting  below,  in  part,  upon  the  occipital  centrum,  and  sup- 
porting more  of  the  spine  of  that  centrum  ^s)  than  of  their  own  (?) ;  wineh 
is,  however,  formed  of  a  single  bone,  and  m  so  far  manifests  more  of  the 
normal  character  of  the  element  completing  the  neural  arch,  as  its  erown  or 
key-bone,  than  does  the  homologous  divided  and  often  divaricated  bone  in 
fishes.  This  and  other  analogous  facts  show  that  although  the  loweat  ver- 
tebrate class  adheres  most,  as  a  whole,  to  the  archetype,  yet  that  il  can  be 
recognised  clearly  and  unequivocally  only  by  patient  study  of  its  eiodifion^ 
tions  in  all  classes:  for  even  the  lowest  have  special  exigeocies  artstsg  out 
of  their  sphere  of  exbtence  calling  for  modifications  of  the  type  wliicb  are 
not  present  in  other  and  higher  classes.  We  shall  find,  indeed,  that  the  eon- 
nation  of  the  basi-  and  pre-sphenoids  ceases  in  mammals,  and  that  they  only 
coalesce  in  that  class,  being  primitively  distinct ;  so  that  the  second  crainel 
centrum  (5)  may  be  removed  with  its  neural  arch,  in  the  foetal  quadmped 
(fig.  24)  or  human  subject  (25),  without  doing  violence  to  nature  by  the  nee 
of  the  saw.  The  bones  s,  s,  fig.  19,  wedged  between  •  and  7,  here,  also,  ma- 
nifest  more  of  their  parcqacph^sial  character  than  in  fishes,  inasmuch  as  they 
are  excluded  from  the  inner  walls  of  the  cranium,  whilst  they  rMain  and 
manifest  broadly  their  characters  as  outstanding  processes  for  musciilar  at* 
tachment  But,  besides  affording  ligamentous  attachment  to  the  byoid  arch 
(so,  40),  they  articulate  largely  with  the  proximal  element  (is)  of  the  man- 
dibular arch,  whose  backwanl  displacement,  in  comparison  with  its  more 
normal  position  in  the  fish's  skull  (fig«5)»  is  as  clearly  illustrated  intlieaietaF> 
morphosis  of  the  anourous  batrachia,  as  is  that  of  the  hyoidean  or  seapolar 
arches. 

Referring,  then,  to  the  side  view  of  the  cranial  vertebras  of  the  erooodile 
(fig.  22),  we  see  Uie  haemal  arch  of  the  second  or  parietal  vertebm  .in  the 
hyoid  (30, 4«,  41)  retaining  so  much  of  its  embryonic  dimensions  as  isreqaired 
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by  hi  restricted  fuaetiooiy  and  liaTing  no  call  for  progreMTe  growth  in  rab- 
lenrieDey  to  a  braochial  respiratioD.  It  consists  of  a  ligamentoos  stylobyal, 
iti  pkure^opkytu^  retaining  the  same  primitiTe  histological  condition  wluch 
obstnicts  the  ordinaiy  recognition  of  the  same  elements  of  the  lumbar  haemal 
aickes.  The  hsemopoph jses  and  haemal  spine  are»  however,  here  as  there» 
okore  advanced  in  respect  of  their  tissue.  The  lugmapopkjftu  is  ossified  like 
the  to-called  *  abdominal  ribs,' and  nsoallj,  like  them,  consists  of  two  portions, 
btTing  the  special  names  of  epihyal  («)  and  eeratohyal  («§ ) :  the  Aa'miif 
9»ie  (41}  retains  its  cartilaginous  state  like  its  homotypes  in  the  abdomen : 
there  they  get  the  special  name  of '  linen  alba  *  or  abdominal  sternum,  here 
of  *  basihyid.'  With  respect  to  formal  modification,  this  element  is  chiefly 
remarkable  in  the  crocodile  for  its  broad  expanse :  it  sustains  the  ascending 
valvular  ri<l^  at  the  base  of  the  tongue,  which,  applying  itself  against  the 
defending  '  palatum  molle,'  constitutes  an  effectual  barrier  against  the  entry 
of  water  into  the  glottis  from  the  mouth,  whilst  the  crocodile  is  engaged  in 
overeoming  the  struggles  of  a  submerged  and  drowning  prey. 

There  being  no  need  of  diverging  appendages  from  the  hyoidean  arch  in 
the  crocodile,  branchiostegal  rays  are  not  developed.  The  scapular  arah  is 
limikrly  simplified  in  Angmu  and  other  serpentiform  lizards ;  but,  to  those 
who  recognise  its  true  homology,  its  presence  without  a  trace  of  its  appen* 
dagps,  the  fore-limbs,  will  create  00  more  surprise,  than  the  presence  of  the 
hvoidean  areh  without  the  branchiostegal  fins  or  of  the  mandibular  arch  without 
the  opercular  fins. 

On  removing  the  neural  areh  of  the  parietal  vertebra,  with  or  without  the 
feetion  of  the  connate  centrum  (s),  the  bones  completing,  with  the  part  (•), 
tiie  corresponding  arch  of  the  frontal  vertebra  present  Uie  general  arrange- 
ment shown  in  fig.  20. 


Fig.  20. 


The  compreased  produced 
bone,  s,  shown  in  natural  con- 
nection with  the  bone  is  in 
fig.  9^  notwithstanding  its  mo- 
dified IbfiB,  presents  all  the 
itiai  dharactersof  theem- 
of  the  ibtsh :  although  it 
nay  have  been  developed  ex« 
chntveiy  from  the  capsule  of 
the  Botocbord,  like  the  coa- 
Ineed  ialerior  parts  of  the  cer- 
▼iesl  eentmms  in  the  silurus : 
there  ia  no  distinct  ossicle  an- 
svering  to  the  central  part  of 
theoentrom  of  the  frontal  ver- 
tebra, like  a',  fig.  5,  in  certain 
boay  fishes.  On  the  other  hand, 
vefindthe  mmtrapophjfticd  cha- 
neten  of  the  ovbito-sphenoids 
()•,  w)  nM>re  largely  and  typi- 
cally manifested  in  the  croco- 

dac:  ihef  are  smoothly  excavated  within  by  the  sides  of  the  prosencephalon  ? 
th^  iliiiilmT  the  great  special-sense  nerves  of  the  eye  by  the  notch  (fig.  ^ 
tad  the  motor  nerves  by  the  notch  # :  they  show,  however,  the  sao 
deaey  to  ^aoge  of  position  as  the  succeeding  neurapophyses ;  for 
tbey  support  a  greater  proportion  of  their  proper  spine  Oi),  they  al 
poft  pact  of  the  succeeding  fipine  (r),  and  rest  below  in  part  upon 
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j>halic  udi,  viewed  from 
ehiad:  Croeodile. 
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rietal  centnim  (»).  The  neural  tpme  of  the  froDtal  vertebia  (ii)  retains  its 
normal  character  as  a  single  symmetrical  bone,  like  the  parietal  spine,  which 
it  partly  overlaps*  It  is  much  developed  longitudinally,  but  more  in  the 
anterior,  and  less  in  the  lateral  direction  than  in  most  fishes. 

One  cannot  contemplate  the  relative  position  of  the  frontal  to  the  parietal 
and  of  the  parietal  to  the  supraoccipital,  which  is  overlapped  by  the  parietal 
and  itself  overlaps  the  flattened  spine  of  the  atlas,  without  a  conviction  of  the 
serial  homology  of  these  single^  median,  imbricated  bones,  aU  completing 
arches  above  the  neural  axis,  and  each  permanently  distinct  from  the  pien 
or  haunches  of  the  arch  of  which  it  forms  the  key-stone.  In  like  manner 
the  serial  homology  of  those  piers  or  neurapophyses,  viz.  the  laminae  of 
the  atlas,  the  exoccipitals,  the  alisphenoids  and  the  orbitosphenoids,  is  equally 
unmistakeable.  Nor  can  we  close  our  eyes  to  the  same  serial  relationship 
of  the  postfrontals  (fig.  20,  is,  is)  as  parapophyses  of  their  vertebra,  with 
the  mastoids  (s)  and  the  coalesced  paroccipitals  (4).  The  frontal  pan^- 
physis^  IS,  is  wedged  between  the  back  part  of  the  spine,  11,  and  the  neur- 
apophysis,  10 :  its  outward  process  extends  backwards  and  joins  the  next 
parapophysis  (s) ;  but,  notwithstanding  the  retrogradation  of  the  mandi- 
bular arch,  it  still  receives  a  small  part  of  its  own  pleurapop^sial  element 
(ts).  This  element  now  manifests  its  typical  unity :  vegetative  subdivision, 
much  reduced  in  the  batrachian  reptiles,  no  more  prevails  in  the  develop* 
ment  of  the  frontal  pleurapophysis  in  anv  higher  vertebrate.  The  serpents 
exhibit  this  element  under  the  common  u>rm  of  a  rib ;  longer,  indeed,  than 
are  any  of  the  pleurapophyses  in  the  batrachian  order ;  but  it  has  so  far 
retreated  in  serpents  as  to  be  exdusivdy  attached  to  the  parietal  parapo- 
physis, which  is  remarkably  elongated  and  produced  baekwards,  and  sus- 
pends the  long,  slender,  straight  and  simple  frontal  pleurapophysis  (tympanic 
pedicle)  vertically  from  its  posterior  extremity.  In  lacertians  no.  ss  is  ver- 
tically suspended  from  no.  s,  and,  commonly  also,  from  no.  t7,  which  is  con- 
tinued from  the  backwardly  produced  parapc^ysis  of  the  frontal  vertebra 
(is)  to  that  of  the  parietal  vertebra  (s)  in  most  of  this  division  of  the  Cu- 
vierian  order  Sauria,  In  chelonians  and  crocodilians  the  divei^ng  appen- 
dage of  the  maxillary  arch  (sr)  descends  and  applies  itself  to  a  luge  praipor- 
tion  of  no.  ss,  down  to  its  lower  articular  end,  and  contributes  to  fix  and 
strengthen  that  bone,  as  well  as  the  modified  costal  aroh  from  which  it  di- 
verges. 

The  condition  of  the  shortening,  expansion  and  fixation  of  the  frontal 
pleurapophysis  in  crocodiles  and  chelonians  is  exemplified  in  the  uses  to 
which  the  modified  hflemapophyses,  completing  that  costal  arch,  are  .put. 
Tortoises  crop  the  grass  by  the  application  of  the  trenchant  homy  plates  of 
the  under  to  those  of  the  upper  jaw :  turtles  equally  need  a  fixed  suspensory 
joint  of  the  under  jaw  in  the  act  of  biting  and  dividing  the  tough  se»*weeds. 
Crocodiles  have  the  frontal  haemapophyses  (mandibular  rami)  nnnsnally 
long ;  supporting  numerous  large  laniary  teeth,  and  requiring  a  fixed  and 
firm  point  of  suspension  in  the  violent  actions  to  which  they  are  put  in  re- 
taining, and  overcoming  the  struggles  of  their  prey. 

The  teleological  complication  of  the  lower  or  distal  elements  of  the  arch 
in  question  (so-3s,  fig.  22)  is  carried  further  than  in  fishes :  there  was  more 
need,  in  fact,  for  a  combination  of  the  greatest  elasticity  and  strength  wiUi 
the  least  weight  of  bone*  in  the  frontal  hsemapophysis  of  the  crocodile  than 
in  the  frontal  pleurapophysis  of  the  fish  (ss  0-^  d^  fig.  6). 

There,  lastly,  remain  then  in  the  skull  of  the  crocodile  the  bones  inter- 

*  Conybeue,  OeoL  Tnns.  1821,  p.  565.    BaeUsnd,  Bridgewater  Trestiw,  1836,  vol.  i. 
f.  176.    This  antfaor  well  illustrstet  the  final  psrpois  of  the  snbdiiition  of  the  t»>i.ii;K»u> 
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Nctad  bf  tlM  Horn  N  iv  and  ^  arrow  H  iv,  with  tboae  Danbend  m,  v, 
lod  Ti,  Md  we  hnve  lo  inqnira  whether  through  all  the  modifieation  which 
tbdreitnme  poaitioo  BDfajecta  them  to,  we  can  rtill  trace  anjr  evkfeoce  of  their 
vnagemeDt  according  to  the  vertebrate  tjpe. 

A  long  and  alender  aymmetrical  grooved  bone,  like  the  oanfied  ioferior 
Ufof  the  captule  oTa  Dotochord,  ia  oootinued  Torwaida  from  the  centrum 
of  the  foregoing  vertebra,  and  ttandi  in  the  relatioB  of  a  MNfrwM  (ii)  to  the 
Tfrticd  pl^es  M  the  booea  14,  which  exptind  as  thej  riae  into  the  broad  and 
tkiek  triangalar  plates  with  an  ei- 
poied  hotuootal  Hiperior  rarface. 

TlKan*  of  which  theaefbrm  the  ^'X-  ^^• 

pim,  and  to  the  anterior  rhinen- 
cqthiKe  prolongatJoaa  traverring 
■liiA  arch  they  atand  in  the  re- 
btini  of  nettrt^fopkymi,  is  com- 
pltM  bjrthe  two  bonea(ii) :  whicb 
1,  toefbre,  regard  as  a  divided 
tBvl  tpiw.  In  fiabea  we  have 
Hn  that  the  correapoading  ele- 
BNnt  of  the  parietal  vertebra  waa 
aD3irif  divided,  whilat  the  neurd 
^m  of  the  itaaaJ  vertebra  wan 
ai^;  ID  the  crocodile  the  re- 
WW  ronditiotM  prevail  In  a  tpt^^ 
OH  af  alHgator  I  have  obaerved 
thebooe  11  continned  further  for- 
*iri,  expanded,  and  divided  at  the 
fiUe  Ijiwttbe  two  diviaimwfwm' 
i>;i  mall  diac  on  th«  bony  palate. 
y»  oealniin  of  the  naaat  vertebra 
■  dirided  km^tndlnally  at  the  me- 
te line  in  batnehiana,opfaidiaDa, 
'■dWMthweitiana;  itiaaingleiD 
<MoDiaM,   bnt   letaina  it*  carti- 

^ia«u  atate  In  aome  apeeiea  (Emyt  expanaa,  e.g.).  The  nenrapophyaea 
0*1 1<)  tiKnamit  the  olbctory  nervea  in  ail  reptiles;  but  the  ganglioDi  are 
oxnlly  withdrawn  backwards  into  the  prosencephalic  neural  arch,  leaviug 

'■nin  the  recent  aad  cxtiact  uoriani  by  poialing  oat  the  limitaritj  of  the  itrnciure  lo 
^  tdopted  in  binding  together  KV«ril  panllel  pl^ei  of  elutic  wood,  or  iteel,  to  nuke  a 
^■Iww;  and  alio  in  Miting  together  thin  plites  of  tteei  in  the  iiirings  of  caniagei.  Dr. 
"eUn4  tddi,  "  Tbne  who  hare  witaesMd  the  ihodi  giien  to  the  h«ad  of  ■  crocDdOe  hj 
*"a«CM»»pf<agtagethtrilithialonfjew*,B»i«t  have  teen  bow  liable  to  firMtore  the 
**niiw  weuld  be,  were  it  compoeed  m  oik  boae  onlj  on  each  lide." — lb.  p.  177.  The 
aac  Fouoning  ippUea  to  the  compoaite  condition  of  the  long  tympanic  pedicle  in  Bihei. 
lo  ladi  cue  the  splicing  and  bracing  together  of  thin  flat  bones  of  nneqnal  length  and  of 
'^Kf  lUdmeu  lAirdi  compensalion  for  the  weekneai  and  riak  offraetnrethat  would  other- 
•it  btrc  tttended  the  ekxigatioii  at  the  inont.  In  the  abdomen  of  the  crDcodiie  and  pleai- 
'""'hfiiialiiguM  iiim|iiiiiliiiii  iif  llm  hnmapopttfiea  (abdominal  tiba)  aUowa  of  a  slight 
'^op  of  leagth  in  the  expauiOQ  and  contraction  of  the  walls  of  that  cavitj :  and  aince 
"Mnliiaui  reptilet,  when  oa  land,  rest  the  whole  weight  of  the  abdomen  directlj  npon  the 

C°4  the  necessl]' of  the  nuMliflcatioQ  for  diminlihing  liabilitr  to  fraeinre  farther  appean. 
*tat  we  are  bm  eUefly  eoaceraed  in  ii  Ike  evidence  that  the  gcBoil  bomolagr  at 
■■nUiT  f«rta  at  a  Dawtal  MgnieM  ii  not  aAeied  bj  the  oodificatioD  of  Ideological 

yfnnnoa  of  lach  parti.    What  happen*  to  the  luemapopbystal  or  inferior  *' —  ~' 

w  iirerted  arch  in  tb«  abdominal  legments  of  the  crocodile  also  alTecta  the 
'lenniaDueaialatth:  and  the  inbdlTiaion  of  the  pleurapophfie*  of  thi 
"Tea  b  repealed  in  the  same  eleitMata  of  the  craalal  nitabne  ia  oneou 
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only  the  nenre-trunks  to  be  protected  by  the  nasal  neurapophyaea.  Tb< 
are,  therefore,  more  approximated,  and  the  anterior  termination  of  the  neural 
canal  is  much  contracted;  and,  in  the  taiUeai  batrachia,  the  nasal  neur- 
apophyses  coalesce  together. 

We  recognise  in  that  element  (ss)  of  the  fourth  or  foremost  inverted  arch 
of  the  crocodile's  tkuU,  which  is  in  connection  with  the  body  (vomer,  is)  and 
descending  plates  of  the  neurapophyses  (prefrontals,  14)  of  the  nasal  vertebra, 
the  proximal  or  pieurapophjfmiU  element  of  such  arch ;  and  the  same  repe- 
tition of  the  characteristic  connections  of  the  bone,  ss,  which  enaUed  Cnvier 
and  Geoffroy  to  recognise  its  special  homology  with  the  palatine  bone  in  the 
fish,  establishes  its  claim  to  be  equally  r^ardeid  in  the  crocodile  as  the  pleur- 
apophysis  of  its  vertebral  segment ;  tdthough  it  now  affords  but  a  partial  at* 
tachment  to  the  boue  si,  which  forms  the  next  element  of  the  inverted  arch. 
This  bone,  the  hamapoipkynM^  has  undergone  a  striking  change  in  its  propor- 
tions by  development  both  in  length  and  breadth :  it  is  connected  not  only  with 
no.M  behind  and  with  no.  tt  before,  but  with  the  elongated  spine»  no.  is,  of  ita 
own  vertebra,  and  with  the  lacrymals,  rs,  above ;  with  its  fellow  of  the  opposite 
side  below,  and  with  a  well-developed  pn>ximal  element,  no.  is,  of  a  strong 
diverging  appendage  behind.    The  hamal  spine,  no.  ss,  is  divided,  and  the 
arch  is  completed  by  the  symphysial  junction  of  the  two  halves  at  H  i v.  The 
nasal  aperture  or  entry  to  the  air-passages  forms  the  span  or  area  of  the 
much-modified  inverted  arch  constituting  the  upper  jaw  of  the  crocodile. 
The  two  proximal  elements  of  the  arch,  noe.  so  and  si,  continue  to  send 
outwards  and  backwards  exogenous  diverging  processes ;  but  they  consti- 
tute a  smaller  proportion  of  the  bones  than  in  fishes,  and  both  processes  di- 
rectly support  distinct  bones  representing  the  divergimg  appmdage  of  the 
arch,  and  serving  to  fix  and  attach  it  to  the  succeeding  sSroh.  The  pleurapo- 
physial  appendi^e  (pterygoid,  14)  soon  coalesces,  however,  with  its  fellov 
and  with  the  centrum  of  its  own  vertebra  (vomer,  is),  and  then  expands  to 
unite  by  a  broad  sutund  surface  with  the  coalesced  centrums  of  the  frontal 
and  parietal  vertebrae  ^s  and  s).     A  second  osseous  piece  (ectopterygoid, 
S4')  diverges  from  the  pleurapophysis  external  to  the  preceding  and  attiushea 
it  to  the  hsBmapophysis,  to  the  haemapopliysial  appendage,  and  to  the  par- 
apophysis  of  the  frontal  vertebra.    The  strong  diverging  ray  from  the  hsBm- 
apophysis is  teleologically  subdivided  into  noe.  ss  (malar)  and  v  (squamosal), 
and  firmly  attaches  the  maxillary  arch  to  the  pleurapopbysu  (ss)  of  the  man- 
dibular one. 

In  the  chelonian  reptiles  the  modifications  of  the  nasal  segment  of  the 
skull  adhere  pretty  closely  to  the  type  of  those  in  the  crocodile ;  the  centrum 
is  more  independent  and  better  developed,  but  the  divisions  of  the  neural 
spine  have  coalesced  with  their  neurapophyses :  the  divei^ng  appendages, 
ss  and  sr,  are  usually  developed  into  broad  and  fiat  bones.  In  many  lizards 
we  find  the  nasal  centrum  divided  but  the  neural  spine  single :  the  hasmal 
spine  is,  also,  single,  as  a  general  rule,  and  sends  upwards  and  backwards  a 
process  to  join  the  neural  spine,  divide  the  area  of  the  hsemal  canal,  and 
terminate  the  vertebral  series  anterioriy.  The  h»mapophysial  diverging  ap- 
pendage commonly  resumes  its  long  and  slender  ray-like  proportions,  and  joins 
the  parapophyses  of  both  frontal  and  parietal  vertebrse  as  well  as  the  prox- 
imal end  of  the  pleurapophysis  of  the  mandibular  arch.  In  serpents  both 
divisions  of  this  appendage  are  absent  (indicating  the  inferior  character  of 
the  bones  ss  and  tr  in  general  homology),  but  the  two  parts  of  the  plenrapo- 
physial  appendage,  14  and  %%\  are  retained  and  serve  as  levers  in  the  move- 
ments of  the  maxillary  arch.  The  spine  of  that  hflemal  arch  is  single,  and 
commonly  united  only  by  lax  and  elastic  ligaments  with  the  hsBmapophyses, 
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irbick  may  be  divaricated  like  the  halves  of  the  mandibular  arch,  so  as  to 
wideo  the  mouth  laterally  ;  and  this  free  suspension  and  incomplete  closure 
of  the  prioclpal  costal  arches  of  the  cranium  in  serpents  repeats  in  an  inters 
esdng  manner  the  characteristic  free  and  open  condition  of  all  the  costal  arches 
of  their  trunk.  In  the  genus  Tythlops  the  diverging  appendage  of  the 
palato-maxillaiy  arch  is  reduced  to  the  primitive  condition  of  a  long  and 
•leader  ray.  In  anourous  batrachians  a  long  and  slender  backwardly  pro- 
daeed  exogenous  process  of  the  h»napophysis  (maxillary)  joins  a  shorter 
advancing,  exogenous  process  of  the  distal  division  of  the  next  pleurapo- 
phjsis  (tf mpanic) :  but  in  the  tailed  species  the  maxillary  arch  is  fixed  only 
foj  a  bfMui (pterygoid)  appendage;  and  both  maxillary  and  premaxillary  retain 
ooly  their  essential  connections  as  forming  the  inferior  arch  of  their  segmenL 
In  the  proteus  and  siren  the  pleurapophysis  (maxillary)  is  almost  obsolete. 

The  bones  nos.  m,  s4',  is  and  tr,  being  shown  to  be  the  least  constant 
memben  of  the  group  forming  the  nasal  segment,  and  to  form  by  their  posi- 
tion and  direction,  the  diverging  appendages  of  the  hsemal  arch  H  iv,  there 
remains  in  the  skull  of  the  crocodile  only  the  bone  rs,  which  by  its  position 
in  front  of  the  orbit  and  its  relation  to  the  lacrymal  duct,  is  to  be  referred 
like  the  great  anterior  suborbital  mucous  bone  in  fishes  to  the  dermal  skele- 
ton. In  like  manner  the  palpebral  or  supra-orbital  scale-bones  are  to  be  ex- 
claded  from  the  category  of  the  pieces  of  the  endoskeleton.  The  small  and 
inconstant  ossifications  in  the  capsule  of  the  organ  of  smell,  together  with  the 
scarcely  ossified  sclerotals  (ir),  the  small  petrosal,  is,  and  the  columelliform 
stapes,  is',  are  intercalated  portions  of  sense-capsules  and  appendages  re- 
ferable to  the  system  of  the  splanchnoskeleton. 

Thus  the  endoskeletalsystem  of  bones  of  the  head  of  the  crocodile  are  natu- 
rally arranged  in  four  s^ments,  each  composed  of  a  centrum  with  a  neural 
and  a  hmmal  arch.  The  haemal  arches  have  been  subjected,  as  in  the  trunk, 
to  most  modification ;  that  of  the  occipital  vertebra  having  been  displaced; 
that  of  the  parietal  vertebra  detached  from  its  segment  and  arrested  in  its 
development ;  whilst  that  of  the  frontal  vertebra  is  articulated  in  a  very  small 
proportion  to  the  parapophysis  of  its  own  segment,  but  chiefly  to  that  of  the 
parietal  segment,  with  paroccipital  connections  also ;  it  is  immensely  de- 
veloped, the  hsBmapophysial  portion  being  the  chief  seat  of  extension*  The 
bsemal  arch  of  the  nasal  segment  is  also  very  large,  but  shows  as  much 
excess  of  development  in  breadth  as  that  of  the  frontal  vertebra  in  length. 
The  diverging  appendage  is  more  complex  than  in  fishes :  one  piece  indeed, 
DO.  ss,  fig.  5,  is  absent,  but  three  others,  u\  is  and  s7,  have  been  superadded. 
The  diverging  appendages  of  the  frontal  and  parietal  vertebrse  cease  to  be 
developed  in  every  class  above  that  of  fishes ;  but  that  of  the  occipital  haemal 
arch,  though  it  no  longer  shows  the  luxuriant  profusion  of  rays  that  distin- 
guishes it  in  fishes,  begins  to  assume  a  more  fixed  and  definite  character  with 
more  special  powers  and  independent  movements  of  its  constituent  parts. 
The  first  segment  (53),  doubtfully  and  obscurely  recognizable  in  any  fish*  is 
henceforth  a  constant  and  important  bone,  and  is  always  single :  the  next 
segment  consists  as  exclusively  of  two  bones,  connate,  indeed,  in  batra- 
chians :  the  distal  segment  presents  two  jointed  rays  (digits)  in  the  Amphi" 
ymadidadylum ;  three  rays  in  Amph.  indacfyium  and  the  proteus  and  four 
mys  in  the  Siren  lacertma ;  it  branched  into  as  many  as  nine  rays  in  the  ex- 
tinct ichthyosaurs ;  but  they  never  exceed  five  in  the  existing  saurians,  which 
number  is  presented  by  this  appendage  in  the  crocodile  (07,  fig.  22.) 

BmU, — ^The  cranium  of  the  bird  offers  the  extremest  instance  of  a  homo- 
logically  compound  bone,  and  its  development  the  clearest  evidence  of  that 
principle  of  unity  of  composition  which  lies  at  the  bottom  of  all  the  modifica- 
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tions  of  the  cephalic  division  of  the  Tertebrate  endoskeleton.  AHbongb,  as  a 
general  role,  the  separate  cranial  bones  can  be  discerned  only  at  a  very  early 
period,  yet  in  those  birds  in  which  the  power  of  flight  is  abrogated  the  indi- 
cations of  the  primitive  centres  of  ossification  endure  longer^  and  in  the 
species  here  selected  for  the  illastration  of  the  cranial  segments  (fig.  2S)  the 
constituent  bones  of  the  skull,  though  figured  of  their  natural  size,  have,  with 
the  exception  of  the  basioccipital,  i,  and  basispheBoidi  s,  and  the  two  bonea» 
s  and  8,  which  coalesce  with  the  petrosal,  is,  been  separated  by  maceration 
merely.  I  may  remark,  however,  that  in  all  birds,  certain  bones,  which 
coalesce  with  others  in  the  cranium  of  most  mammals,  always  retain  their 
primitive  individuality ;  the  tympanic  (ts)  and  the  pterygoid  (14)  for  ex- 
ample. 

The  hindmost  segment  of  the  cranium  (N  i,  fig.  2S)  so  closely  repeats  the 
charactefB  of  the  epencephalic  neural  arch  of  the  erooodile  (fig.  18),  as  to 
render  a  separate  and  full  view  of  it  unnecessary  for  the  illustration  of  its 
vertebral  character.  The  basioccipital  (1)  still  developes  the  mi^jor  part  of 
the  single  articular  condyle,-  and  sends  down  a  process,  more  marked  in  the 
struthious  genera,  and  especially  the  dinomis,  than  in  most  other  birds :  in 
all  respects  this  primitively  distmct  bone  retains  the  character  of  the  eaUrum 
of  its  vertebra. 

The  exoccipitals,  1%,  contributing  somewhat  more  to  the  occipital  condyle 
than  in  the  crocodile,  develope,  as  in  that  reptile,  the  paroceipital  (tt)  as  an 
outstanding  exogenous  ridge  or  process :  but  it  is  lower  in  position  than  in 
the  crocodile :  the  proper  nmirapophifdal  characters  of  no.  «  are  fully  main- 
tained. The  supraoccipital  (9)  now  begins  to  manifest  more  strongly  the 
flattening  and  development  in  breadth,  by  which  the  spinous  elements  lose 
the  formal  character  from  which  their  name  originated,  and  are  converted 
from  long  into  flat  bones.  We  saw  the  first  step  in  this  most  common  of  the 
changes  to  which  one  and  the  same  endoskeletal  element  is  subject,  in  the 
detached  neural  spine  of  the  atlas  of  the  crocodile:  that  of  the  occipital 
vertebra  of  the  same  animal  presented  another  stage  in  the  metamoipbosis: 
we  have  a  third  degree  in  the  bird,  and  the  extreme  of  expansion  is  attained 
in  the  human  subject  (fig.  25,  s),  where  the  spine  is  sometimes  developed, 
like  that  of  the  parietal  vertebra,  from  two  centres.  But  the  arrested  steps 
in  this  strange  change  of  form  and  proportion  demonstrate  the  essential 
nature  of  the  part,  as  the  neural  arch,  whilst  the  constancy  of  the  characters 
of  connexion  is  slrawn  by  this  crown  of  the  arch  of  the  occipital  vertebra 
having  the  exoccipitals  as  its  piers  or  haunches  from  the  fish  to  the  human 
subject.  It  always  protects  the  cerebellum ;  is  absent  in  the  frog  where  this 
organ  is  a  mere  rudiment ;  and  is  present  in  the  crocodile  in  the  ratio  of 
the  superior  sise  of  the  cerebellum.  The  further  development  of  the  cere- 
bellum is  the  condition  of  the  superior  breadth  of  the  spine  or  crown  of 
the  epencephalic  arch  in  the  binL 

The  arguments  that  determined  the  nature  and  displaeeroent  of  the  heemal 
arch  of  the  occipital  vertebra  in  the  crocodile  apply  with  equal  force  to  that 
in  the  bird.  The  extent  of  the  displacement,  it  is  true,  has  been  greater : 
not  seven,  but  seven-and-twenty  vertebrm  may  intervene  between  the  place 
of  the  scapulo-coracoid  arch  and  the  remainder  of  its  proper  s^iment  con- 
stituting the  occipital  region  of  the  single  cranial  box  in  the  bird.  But  this 
diflereace  of  extent  ought  no  more  to  mask  the  real  relationship  of  such 
costal  arch  to  its  centrum,  than  the  degree  of  development  of  the  spine  of 
the  occipital  vertebra  affiscts  the  general  homology  of^that  element. 

In  the  ostrich,  and  other  struthious  birds,  the  hsamal  arch  of  the  occipital 
«a>tebnk  has  retained  much  of  its  embryonic  proportions.    The  pkwrapo^ 
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pfyuai  pBxt  (91)  has,  alao,  retained  its  tleoder  rib-like  form* ;  it  hat  coalesced 
with  the  hiBmapophytiM  (ss),  and  the  inyerted  arch  is  completed,  as  in  the 
croGodHe,  by  a  hsemal  spine,  as  much  modified  in  form  by  flattening  and  ex- 
pansion as  is  the  neural  spine  represented  by  the  supraoccipital  (•).  The 
diverj^ng  appendage  of  the  occipito-hsemal  arch  also  retains  mnch  of  its 
primitive  simple  character :  a  long  and  slender  bone  (53)  supports  two  rays 
(n4,  ss),  and  there  is  an  attempt  at  three  at  07,  of  which  one  is  short,  atrophied 
and  aDchylosed  to  the  rest  In  the  two  small  bones  (s«,  s«)  interposed  be- 
tween this  and  the  preceding  segment,  we  recognise  the  special  homologues 
of  the  carpal  series  in  the  crocodile  and  fish :  in  54  we  have  the  ulna,  in  m 
the  radius,  in  sa  the  humerus,  in  07  the  metacarpus ;  in  il  •  and  dA  the  rudi- 
ments of  the  digits  so  numbered  in  the  crocodile  (fig.  22)  and  the  mammal 
(fig.  S^).  The  evidences  of  the  unity  of  plan  in  the  construction  of  the 
scapular  limb,  whether  it  be  an  arm  with  the  prehensile  hand,  a  hoofed  fore- 
leg, a  wing,  or  a  fin,  are  admitted  by  ail ;  the  same  scapula,  humerus,  anti- 
brachial,  carpal,  metacarpal  and  phalangial  bones  are  readily  recognised  by  the 
tjro  in  compaiative  osteologyin  the  ape,  the  horse,  the  whale,  the  bird,  the 
tortoiae  and  the  crocodile.  The  beautiful  simplicity  of  the  fundamental  basis 
of  all  these  adaptations  of  structure  is  descanted  upon  in  all  our  popular 
teleological  treatises.  But  the  higher  law  governing  the  existence  of  these 
special  homologies  has  attracted  little  attention  in  this  country.  Yet  the 
inquiry  into  that  more  general  principle  of  conformity  to  type  according  to 
which  it  has  pleased  the  Creator  of  organic  forms  to  restrict  the  manifesta^ 
ttons  of  the  variety  of  proportion  and  shape  and  substance  and  even  relative 
position  of  the  limbs  requisite  for  the  various  tasks  assigned  to  the  vertebrate 
■pedes,  is  one  that  by  no  means  transcends  the  scope  of  the  comparative 
anatomist.  And  the  conclusion  to  which  my  comparisons  have  conducted 
me  is,  that  one  and  the  same  element,  viz.  the  diverging  appendage  of  the 
occipital  vertebra,  forms  the  seat  or  substratum  of  all  the  adaptive  modificar 
tions  of  the  part  odled  ^  anterior '  or  '  superior  extremity.' 

The  second  s^;ment  of  the  skull  has  for  its  central  element  a  bone  (fig. 
23, 9%  which  in  the  bird,  as  in  other  ovipara,  is  connate  with  that  (9)  which 
stands  in  the  same  relation  to  the  third  cranial  segment ;  the  proof  of  the 
natuial  distinction  of  these  segments  is  given  by  the  neund,  N  11,  N  iii, 
and  haemal,  H  11,  H  iii,  arches.  Probably  the  circumstance  of  the  bodies 
of  those  vertebne  being  formed  by  ossifications  of  the  fibrous  capsule  of  the 
Botochord,  representing  the  external  or  cortical  parts  only  of  such  centrums, 
may  be  the  condition,  or  a  favourable  physical  cause  of  such  connation. 
The  neural  arch  of  the  parietal  vertebra  retains  the  same  characters  which 
it  fint  manifested  in  fishes.  Besides  the  fmmrapoph^$e$  (s)  impressed  by  the 
mesencepbafic  ganglia  and  transmitting  the  trigeminal  nerves,  besides  the 
vastly  expanded  and  again,  as  in  fishes,  divided  neural  spine  (7),  thejMWt^io- 
pkym  (s)  IS  independently  developed.  It  is  of  large  proportional  size ;  and, 
owing  to  the  mised  dome  of  the  neural  arch,  is  relatively  lower  in  position 
than  in  the  crocodile;  it  sends  downwards  and  outwards  an  unusually 
long  *  mastoid '  process,  and  forms  a  large  proportion  of  the  outer  wall  of 
the  chamber  of  Uie  internal  ear  with  the  bony  capsule  of  which  it  speedily 


The  hsemal  arch  of  the  parietal  vertebra  (H  11)  is  more  reduced  than  in 
the  croeodile,  and  owes  much  of  its  apparently  typical  character  to  the  re- 
tention of  the  thyrohyals  (4s,  47)  borrowed  from  the  branchial  arches  of  the 

*  The  very  common  modification  of  form  which  this  element  undergoes  in  becoming  ex- 
pended into  the  broad  scapula  of  man  and  other  mammalia,  appMrs  to  ha?e  inflnenced  Oken 
m.  Us  idea  of  that  bone  being  tie  hoaaologiie  of  a  eoqgerietof  ribs. 
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visceral  system,  which  are  feeblj  and  traDsitorily  manifested  in  the  embryo 
bird.  These  spurious  comua  project  freely  or  are  freely  suspended,  and  are 
the  subjects  of  singular  and  excessive  development,  as  has  been  exemplified 
in  the  chapter  on  Special  Homology* 

The  bones  (lo)  of  the  third  neund  arch  protect  a  smaller  proportion  of  the 
prosencephalon  than  in  the  crocodile,  but  maintain  their  neurapopkysiai  rela- 
tion to  it  and  to  the  optic  nerves:  the  neural spines(ii)  cover  a  lai^r  proportion 
of  the  hemispheres!,  and,  with  their  homotypes  (7),  exhibit  a  marked  increase 
of  development  in  conformity  with  that  of  the  cerebral  centres  protected  by 
their  respective  arches.  The  parapophyns  of  the  frontal  vertebra  (is)  is 
relatively  smaller  in  the  bird  than  in  the  cold-blooded  vertebrates,  and  is 
rarely  ossified  from  an  independent  centre ;  but  I  have  seen  this  in  the  emeu, 
and  it  appears  to  have  been  constantly  an  autogenous  element  in  the  dinomia. 
The  haemal  arch  of  the  frontal  vertebra  has  been  transferred  backwards  to 
the  parietal  one ;  its  pkwrapopkysis  (is),  which  is  simple,  as  in  the  crocodile, 
articulating  exclusively  with  the  parietal  parapophysis  (a),  though  this  in 
some  birds  unites  with  that  of  the  frontal  vertebra.  In  the  young  ostrich 
and  many  other  birds  traces  of  the  composite  character  of  the  luemti^fcpfysis 
are  long  extant ;  and  bear  obviously  a  homological  relation  to  the  teleologi- 
cally  compound  character  of  the  element  in  the  crocodile :  for  the  pieces, 
noB.  M,  »\  so'  and  si  ultimately,  and  in  most  birds  early,  coalesce 
with  each  other  fmd  with  the  httmal  spine  (as),  the  halves  of  which  are  con- 
fluent at  the  symphysis. 

The  centrum  (la)  of  the  nasal  vertebra  is  always  single,  and,  when  it  does 
not  remain  distinct,  coalesces  with  the  neurapophyses,  m,  and  pleurapophyses, 
M,  of  its  own  segment,  and  sometimes,  also,  with  the  rostral  production  of  the 
frontal  centrum  (0) :  it  is  elongated  and  pointed  at  its  free  termination,  and 
deeply  grooved  above  where  it  receives  the  above-named  rostrum  ;  indicating 
by  both  its  form  and  position  that  it  owes  ito  existence,  as  bone,  to  the  ossi- 
fication of  the  outer  capsule  of  the  anterior  end  of  the  notochoid*  In  the 
ostrich  the  long  presphenoidal  rostrum  intervenes  between  the  vomer  (is^ 
and  prefrontals  (m).  These  latter  bones  manifest,  however,  as  has  been 
shown  in  the  paragraph  on  their  special  homology  (p.  214),  all  the  essential 
neurapopJiysial  relations  to  the  rhinencephalon  and  olfactory  nerves :  but 
they  early  coalesce  together,  or  are  connate,  as  in  the  tailless  batrachians. 
The  neural  epine  (is)  is  divided  along  the  middle  line ;  but  in  most  birds  the 
suture  becomes  obliterated  and  the  spine  coalesces  with  its  neurapophyses, 
with  the  frontal  spine  and  with  those  parts  of  the  haemal  arch  of  the  nasal 
vertebra  with  which  it  comes  in  contact. 

The  pleurapophyses  (fig.  23,  to)  of  this  inverted  arch  retain  their  typical 
connections  with  the  nasal  centrum  and  neurapophyses  at  one  end,  and  with 
the  heemapophysis  (ti)  at  the  other  end,  and  they  also  support  the  constant 
element  of  the  diverging  appendage  of  the  arch,  no.  t4.  The  h^nuqfO' 
pkysi9(%i)  resumes  in  binls  more  of  ita  normal  proportions  and  elongated 
slender  form :  but  the  h4Bmal  spine  (it)  is  largely  developed  though  undi- 
vided, and  sends  upwards  and  ^ckwards  from  the  part  corresponding  to  the 
^mphysis  of  the  spine,  when  this  element  is  divided,  a  long  pointed  process 
(ft'),  which  joins  and  usually  coalesces  with  the  neural  spine  (ta)  and  divides 
the  anterior  outlet  of  the  haemal  canal  into  two  apertures  called  the  nostrils. 
The  modification  of  the  inferior  arch  of  the  nasal  vertebra  in  the  lizard  tribe 
is  here  repeated.  The  pleurapophysial  appendage^  t4,  connecto  the  palato- 
maxillary arch  with  ts,  and  in  the  ostrich  and  a  few  other  birds,  also  with  5 : 
the  second  or  hsemapophysial  ray  of  the  diverging  appendage  is  deve- 
loped in  all  birds,  as  in  the  squamate  saurians ;  combining  the  movemente 
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of  tke  hemal  arch  of  the  oasal  Tertebra  with  that  of  the  frontal  vertebra, 
and  coDflisting  of  the  two  atytiform  owicles  (m  and  tr)  which  extend  from  the 
hemapophyais,  ti,  ti",  to  the  pleurapophysisyis :  the  eMential  rehitionship  of 
the  compound  raj,  m  and  sr,  with  the  naaal  vertebra,  is  indicated  by  their 
becoming  confluent  with  its  haemapophyMs  (at  it''),  whilst  they  always  main- 
tain no  arthrodial  articulation  with  the  plearapopbTsis  (is)  of  the  succeeding 


The  bones  of  the  splanchno-skeleton  intercalated  with  the  segments  of  the 
eodoskeleton  in  the  bird's  skull  are  the  petrosal  (lo),  between  the  neural 
archea  of  the  occipital  and  parietal  vertebra,  early  coalescing  with  the  ele- 
n^nts  of  those  vertebne  with  which  it  comes  in  contact :  the  sderotals  (ir), 
interposed  between  the  frontal  and  nasal  neural  arches :  and  the  thyro-hyals 
(«7),  retained  in  connection  with  the  debris  of  the  haemal  arch  of  the  parietal 
veitebra,  H  ii.  The  olfactory  capsule  remains  cartilaginous.  The  dermal 
bone  (ts)  is  well-developed  and  constant :  a  necond  supraorbital  dermal  bone 
is  occaaionally  present.  All  the  endoskeletal  bones  manifest,  under  every 
adaptive  modification,  the  segmental  arrangement,  and  it  is  difiicult  to  con- 
template the  repetition  of  the  arrangement  of  the  cranial  bones  around  the 
primary  s^;ments  of  the  encej^alon  in  the  series  of  arches  closed  respectively 
by  the  bones  N  i,  N  ii,  N  iii,  N  iv,  together  with  that  of  the  corresponding 
number  of  arches  closed  bdow,  at  H  iv,  H  iii,  H  ii  and  H  i,  without  a  con- 
victioD  that  the  type  illustrated  in  fig.  15  is  that  upon  which  these  seg* 
ments  of  the  skull  have  been  constructed.  This  conclusion  might  seem 
Ibroed,  in  respect  to  the  occipital  vertebra,  were  its  displaced  hasmal  arch 
and  appendages  to  be  viewed  without  reference  to  their  relative  position  and 
connections  in  the  lower  vertebrate  dames ;  but  it  will  be  confirmed  and 
shown  to  be  agreeable  to  nature  and  to  the  recognised  kinds  and  grades  of 
modification  to  which  the  elements  of  one  and  the  same  vertebra  are  subject, 
by  observing  in  the  young  bird  the  distinct  pleurapophysial  elements  of  those 
cervical  vertebne,  beyond  which  the  corresponding  elements  of  the  occiput 
have  retrograded,  in  obedience  to  the  functions  which  the  luemal  arch  of 
that  vertebra  and  its  appendages  are  destined  to  perform  in  the  feathered 


Maammais. — ^If  the  foregoing  views  of  the  general  homology  of  the  bones 
of  the  skull  be  agreeable  to  their  essential  nature,  we  should  expect  that  the 
new  and  additional  modifications,  in  the  mammalian  class,  which  tend  to 
obscure  those  relations  would  be  seated  in  the  appendages  and  peripheral 
elements  of  the  endoskeletal  segments,  or  in  the  capsules  and  appendages  of 
the  special  organs  of  sense. 

1  have  selected  with  a  view  to  testing  such  anticipation  the  skull  of  a  young 
pachyderm*,  and,  after  successively  disarticulating  the  segments  in  the  order 
in  which  they  have  been  previously  described,  I  have  given  a  side  view  of 
them  arranged  in  correspondence  with  the  figures  25,  22,  and  5.   (Fig.  24.) 

The  kienral  arch  of  the  occipital  vertebra,  N  i,  agrees  with  that  of  the  bird  and 
crocodile  in  the  coalescence  of  the  parapopi^nSf  4,  with  the  neurtxpophytUf 
1 ;  bat  the  process,  4,  now  descends  from  the  lower  part  of  the  arch,  and, 
as  in  many  other  mammals,  is  of  great  length.  An  articular  condyle  is  also 
devdoped  from  each  neurapophysis  which  articulates  with  the  concave  an- 
terior zygapophysis  of  the  atlas,  and  is  the  homotype  of  the  posterior  zyga^* 
popbysis  in  the  trunk-vertebrss.  The  centrum  (i)  is  reduced,  like  that  of 
the  atbs,  to  a  compressed  plate,  and  its  hinder  articular  surface  is  not  more 

*  The  ikoU  of  the  raminant  is  perhaps  still  better  adapted  to  demonstrate  the  vertebral 
rdatioofl  of  the  cmual  bones :  that  of  the  sheep  is  the  subject  of  the  diagram  for  this  pur- 
pose IB  the  condnding  volume  of  my '  Hunterian  Lectures.' 
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developed  than  is  the -front  one  of  the  centrum  of  the  atlas,  with  which,  in- 
deed, it  is  loosely  connected  by  ligament*  The  expanse  of  the  oooipital 
spine,  8,  has  been  governed,  agreeably  with  a  foregoing  remark,  by  the  su- 
perior development  of  the  cerebellum. 

The  haemal  arch  of  the  occipital  vertebra  is  represented,  like  those  of  the 
cervical  vertebra,  by  the  pleurapophysial  elements  only  (si) ;  but  these,  in 
most  mammals,  are  developed  into  broad  triangular  plates  with  outstanding 
processes :  that  called  '  spine'  and  *■  acromion*  is  exogenous ;  but  that  called 
'  coracoid '  is  always  developed  from  an  independent  osseous  centre  (a  rudi- 
mental  representative  of  the  JuanapophysU^  5«),  which  coalesces  with  the 
pleurapophysis  in  mammalia,  and  only  attains  its  normal  proportions,  com- 
pleting the  arch  with  the  haemal  spine  (epistemum)  in  the  monotremes. 

In  many  mammals  the  arch  is  completed  by  bones,  which  are,  apparently, 
the  haemapophyses  of  the  atlas,  e.g.  in  man  (fig.  25, 9«'),  which  have  followed 
the  occipital  haemal  arch  in  its  backward  displacement,  but  not  quite  to  the 
same  extent 

The  diverging  appendage,  though  retaining  the  general  features  of  its 
primitive  radiated  form,  has  been  the  seat  of  great  development  and  much 
modification  and  adjustment  of  its  different  subdivisions  (53-47)  in  relation 
to  the  locomotive  office  it  is  now  called  upon  to  perform. 

With  the  exception  of  this  excess  of  development  of  the  appendagf^^  the 
defective  development  and  displacement  of  the  haemal  arch,  and  the  coales- 
cence of  the  parapophyses  in  the  neural  arch,  there  are  few  points  of  resem- 
blance which  are  not  sufficiently  salient  between  the  segment  N  i,  H  i  in  the 
mammal,  and  that  so  marked  in  the  fish  (fig.  5).  And,  if  the  interpretation 
of  the  more  normal  condition  of  this  segment  in  the  lower  vertebiate,  ac- 
cording to  the  archetypal  vertebra,  fig.  15,  be  accepted,  then  the  explana- 
tion of  the  nature  of  the  modifications  of  the  special  homologues  of  the  con- 
stituents of  the  occipital  segment  by  which  that  archetype  is  masked  in  the 
mammal,  may  be  confidently  left  to  the  judgement  of  the  unbiassed  stadent 
of  homological  anatomy. 

In  commencing  his  comparisons  of  the  second  segment  of  the  skull  with  the 
typical  vertebra,  he  will  be  unexpectedly  gratified  by  finding,  in  the  immature 
mammal,  the  centrum^  s,  naturally  distinct,  and  the  luaemal  arch,  Hii»  retaining 
its  natural  connections  with  the  rest  of  the  segment,  and  by  means  of  a  more 
complete  development  of  the  pleurapophyses  (as)  than  in  any  of  the  inferior 
air-breathing  vertebrates.  He  may  now  separate,  without  artificial  division  of 
any  compound  bone,  the  entire  parietal  segment,  but  he  brings  away  with  it 
the  petrified  capsule  of  the  acoustic  organ,  and  the  anchylosed  distal  piece  (tr) 
of  the  maxillary  appendage,  which  more  or  less  encumbers  and  conceits  the 
typical  character  of  the  neural  arch  of  the  parietal  vertebra  in  every-  mammal : 
least  so,  however,  in  the  monotremes  and  ruminants.  The  neunjg^cpkjftes  (•} 
of  the  parietal  vertebra,  like  the  mesencephalic  segment  of  the  brain,  are  but 
little  more  developed  in  mammals  than  in  the  cold-blooded  classes:  they  are 
notched  in  the  hog  and  perforated  in  the  sheep  by  the  larger  divisions  of 
the  trigeminal,  and  they  send  down  an  exogenous  process,  which  articulates 
and  sometimes  coalesces  with  the  appendage  (94)  of  the  palato-maxillary 
arch.  The  neural  spine  (7),  always  developed  from  two  centres,  often  vastly 
expanded,  and  sometimes  complicated  with  a  third  intercalary  or  inter- 
parietal osseous  piece,  is  occasionally  uplifted  and  removed  from  its  neur- 
apophyses  by  the  interposed  squamous  expansion  of  the  bone  v ;  bat  this, 
which  reminds  one  of  the  occasional  separation  of  the  neural  arch  from  the 
centrum  of  the  atlas  in  fishes,  is  a  rare  modification  in  the  mammalian  class. 
A  still  rarer  one  is  the  separation  of  the  halves  of  the  parieto-neural  spine 
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from  eiieh  other  by  the  extension  and  mutual  junction  at  the  median  line 
of  the  occipital  and  frontal  spines.  A  specimen  of  this,  in  a  species  of 
CebtUf  which  repeats  the  common  modification  of  the  parts  in  fishes,  is  pre- 
ferred in  the  museum  of  the  Royal  College  of  Surgeons.  The  parapophy$i$ 
(s)  alvrays  commences  as  an  autogenous  element  by  a  distinct  centre  of  ossi- 
fication, as  shown  in  the  human  fcBtus,  fig.  11,  s ;  it  speedily  coalesces  with 
the  petrosal,  but  otherwise  retains  its  individuality  in  some  of  the  lower  mam- 
mals, as  e.g.  in  the  echidna  (fig.  12,  s) :  or  it  coalesces  with  the  curtailed 
frontal  pleurapophysb  ss,  or  with  the  maxillary  appendage  sr,  or  with  both 
these  and  the  pleurapophysb  of  its  own  vertebra  (as),  when  the  complex 
^temporal  bone '  of  antbropotomy  is  the  result.  In  most  mammals  the  pteur^' 
qiophtfiis  (as)  retains  its  primitive  independency  and  rib-like  form,  with 
usoallj  the  *bead*  and  'tubercle';  but  by  reason  of  its  arrested  growth  it 
has  been  called  *  styloid'  bone  or  process.  Sometimes  it  is  separated  from 
the  short  htemapopkifsisy  4S,  by  a  long  ligamentous  tract,  sometimes  it  is  imme- 
diately articulated  with  it,  or  by  an  intervening  piece.  The  hamal  tpine,  41, 
is  usually  small,  but  thick  and  always  single.  The  rudiments  of  hy pobranchial 
dements  (40)  are  retained  as  diverging  appendages  of  the  parieto-haemal  arch 
in  ail  niammab,  and  have  received  the  special  names  of '  posterior  comua,' 
or^thyrohyals,'  from  their  subservient  relationship  to  the  Larynx. 

In  the  frontal  segment  the  eenirumi  0,  and  neurapcphysei^  10,  very  early 
coalesce.  Two  separate  osseous  centres  mark  out  the  body  (fig.  26,  C,o), 
and  each  neurapophysis  has  two  distinct  centres  (ib,  is,  10),  the  optic  foramina 
{op)  being  first  surrounded  by  the  course  of  the  ossification  from  these 
points.  The  superior  development  of  the  neurapophysial  plates  (10),  as  com- 
pared with  those  of  the  parietal  vertebra  (0),  in  most  mammals,  harmonizes 
with  the  greater  development  of  the  prosencephalon  ;  but  the  chief  bulk  of 
this  segment  of  the  brain  is  protected  by  the  expanded  spines  of  the  frontal  (u) 
and  parietal (7)  vertebrae,  and  by  the  intercalated  squamosals  (ar).  And  the  ap- 
pendicular piece  (ar)  not  only  usurps  some  of  the  functions  of  the  proper  cranial 
neurapophyses,  but,  likewise,  the  normal  office  of  the  frontal  pleurapophysis 
(ts),  in  the  support,  viz.  of  the  distal  elements  of  the  heemal  arch  (so,  sa), 
which  now  articulate  directly  with  ar,  in  place  of  as  as  in  all  oviparous  verte- 
brates. The  true  pleurapophytis  of  the  frontal  vertebra  (ts)  is  almost  re- 
stricted in  the  mammalian  class  to  functions  in  subserviency  to  the  organ 
of  hearing,  is  sometimes  swollen  into  a  large  bulla  ossea,  like  the  parapophyses 
^d  pieurapophyses  of  the  cervical  vertebrae  of  Cobitis ;  it  is  sometimes  pro- 
duced into  a  long  auditory  tube,  and  sometimes  reduced  to  the  ring  supporting 
the  tympanic  membrane.  Yet,  under  all  these  changes,  since  its  special  ho- 
mology is  demonstrable  with  as  in  the  bird  (fig.  23)  and  crocodile  (fig.  22)  as 
veil  as  with  the  teleologically  compound  bone,  as  a,  6,  c,  <f,  in  the  fish  (fig.  5), 
BO  likewise  must  its  general  homology,  which  is  so  plainly  manifested  in 
the  fish,  be  equally  recognised.  The  frontal  htjetnapophysis  (fig.  24,  ao,  30), 
&nd  the  corresponding  half  of  the  tuBmal  spine  {ib.  aa)  are  connate  on  each 
side  in  all  mammals,  and  become  confluent  at  H  iii,  in  most.  The  baemal 
>fch  of  the  frontal  segment  of  the  skull,  as  in  other  air-breathing  vertebrates, 
has  no  diverging  appendage,  unless  the  tympanic  otosteals  be  so  regarded, 
an  idea  which  is  not  borne'  out  bv  their  development. 

The  nasal  segment  (N  iv,  H  iv)  is  chiefly  complicated  by  the  confluence  of 
puts  of  the  enormously  developed  olfactory  capsules  (is)  in  the  mammalian 
class,  and  its  typical  character  is  masked  by  the  compression  and  mutual  coa- 
lescence of  the  neurapophyses^  14.  The  centrum  is  usually  much  elongated, 
^  at  13,  and  soon  coalesces  with  both  neurapophyses  (u)  and  nasal  capsules 
m  the  hog.  The  neural  spine  (15)  is  usually  divided,  but  is  sometimes  single, 
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e*  g.  in  Sitnia.  In  the  rhinoceros  it  supports  a  dermal  spine  or  horn.  The 
pkurapophym  (so)  or  proximal  element  of  the  haemal  aroh  of  the  nasal  ver- 
tebra has  its  real  charaeter  and  import  almost  concealed  by  the  exceesiTe 
development  of  the  second  element  of  the  arch  (ti),  which  resumes  in  mam- 
mals ail  those  extensive  collateral  connections  which  it  presented  in  the  cro- 
codile ;  and  to  which  are  sometimes  added  attachments  to  the  expanded  spine 
of  the  frontal  vertebra,  as  well  as  to  that  of  its  own  segment.  Tlie  pleurapo- 
physis  however,  besides  its  normal  attachment  to  its  centrum,  13,  sends  up  a 
process  to  the  orbit,  in  order  to  effect  a  junction  with  its  neurapophysis  which 
sometimes  appears  there,  as  the  '  os  planum '  of  anthropotomy.  Ine  luemal 
spine  (n)  is  developed  in  two  moieties,  which  never  coalesce  together,  al- 
though, in  the  higher  apes,  and  at  a  very  early  period  in  man,  each  half 
coalesces  with  the  haemapophysis,  and  repeats  the  simple  character  of  the 
corresponding  elements  (rami)  of  the  succeeding  (mandibular)  arch. 

The  appmdicular  element  (s4)  which  diverges  from  the  pleurapophysis 
(so),  contributes  to  fix  and  strengthen  the  palato-maxillary  arch  by  attaching 
it  to  the  descending  process  of  the  parietal  centrum  (9) ;  with  which.  In  most 
mammals,  it  ultimately  coalesces.  The  other  elements  of  the  diverging  mem- 
ber of  the  arch  correspond  in  number  and  in  the  point  of  their  divergence 
with  those  in  birds,  chelonians  and  crocodiles.  They  are  two  in  number,  suc- 
ceeding each  other,  and  both  become  the  seat  of  that  expansive  development 
which  is  followed  by  the  multiplication  of  their  points  of  connection ;  thus 
the  proximal  piece  Q  malar '  so)  articulates  in  the  hog  not  only  with  the 
haemapophysis  (si)  from  which  it  diverges,  but  likewise  with  the  muco-dermal 
bone,  73<  The  distal  piece  of  the  appendage  (squamosal,  sr)  expands  as  it 
diverges,  and  fixes  the  naso-haemal  arch  not  only  to  the  frontal  pleurapo- 
physis (ss),  but  also  to  the  frontal,  parietal  and  occipital  neurapophyses  and 
spines :  it  also  affords,  in  the  hog,  as  in  other  mammals,  an  articular  surface 
to  the  frontal  haemapophysis  (so). 

The  development  of  an  osseous  centre  in  the  cartilage  of  the  snout  of 
the  hog,  and  the  homologous  <  prenasal '  ossicle  in  certain  fishes,  the  carp, 
e.  g,i  might  be  regarded  as  rudiments  of  terminal  abortive  segments  more 
anterior  than  the  nasal  vertebra.  The  multiplied  points  of  ossification  in  the 
vomer  have  been,  also,  deemed  indications  of  that  bone  being,  like  the  vome- 
rine coccygeal  bone  in  birds,  a  coalescence  of  several  vertebral  bodies.  Of 
course,  d  priori^  the  segments  in  the  cranial  region  of  the  endoskeleton 
might  as  reasonably  be  expected  to  vary  in  number  in  different  species,  as 
the  segments  in  the  thoracic  or  sacral  regions.  I  have  not,  however,  been 
able  to  determine  clear  and  satisfactory  representatives  of  more  than  four 
vertebrae  in  the  skull  of  any  animal ;  and  the  special  ossifications  in  the  nasal 
cartilages  appear  to  me  to  belong  to  the  same  category  of  osseous  parts,  as 
the  palpebral  bones  in  certain  crocodiles  and  the  otosteals. 

Man. — Arriving,  finally,  in  the  ascensive  survey  and  comparison  of  the 
archetypal  relations  of  the  bones  of  the  vertebrate  skull,at  Man,  thehighest  and 
most  modified  of  all  organic  forms,  in  which  the  dominion  of  the  controlling 
and  specially  adapting  force  over  the  lower  tendency  to  type  and  v^etative 
repetition  is  manifested  in  the  strongest  characters,  we,  nevertheless,  find  the 
vertebrate  pattern  so  obviously  retained,  and  the  mammidian  modification  of  it, 
as  illustrated  in  the  preceding  paragraph  i^id  diagram,  so  closely  adhered  to, 
as  to  call  for  a  brief  notice  only  of  those  developments  of  the  common 
elements  which  impress  upon  the  human  skull  its  characteristio  form  and 
proportions. 

The  neural  arch  of  the  occipital  vertebra  differs  from  that  of  the  hog  by 
a  much  greater  development  of  the  neural  spine  (fig.  25,  s)  and  a  much  less 
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development  of  the  parapophysis.  This,  as  in  other  mammals,  is  not  only  an 
ex<^noua  process  of  the  neurapophysU^  t,  but  is  commonly  reduced  to  a 
mere  **  scabrous  ridge  extended  from  the  middle  of  the  condyle  towards  the 
root  of  the  mastoid  process"  (Monro,  Lc.  p.72) — ^the  "  eminentia  aspera 
musculam  rectum  lateralem  excipiens  "  of  Soemmerring :  the  knowledge  of 
its  general  homology,  however,  makes  quite  intelligible  and  gives  its  true 
interest  to  the  occasional  development  of  this  ridge  into  a  *  paramastoid ' 
process,  wliich'  now,  however,  projects,  like  the  true  '  mastoid,'  downwards 
from  the  basal  aspect  of  the  cranium  (arUei  p.  204). 

The  occipital  pUurapophymy  ply  si,  shows  the  same  displacement  as  in 
other  mammals,  but  is  still  more  expanded  in  the  direction  of  the  trunk's 
axis,  and  its  exogenous  (acromial)  process  is  still  more  developed.  The  A^em- 
apophysis  (at),  originally  distinct,  has  its  development  checked  and  speedily 
(MMdesces  with  the  pleurapophysis. 

If  the  bone  n'  be  the  special  homologue  of  the  bone,  06,  in  the  fish, — and 
considering  the  backward  displacement  of  51  and  ss,  its  anterior  position  to 
them  in  man  is  no  valid  argument  against  the  determination, — then  we  may 
adopt  the  same  general  homology,  and  regard  the  clavicle,  in  its  relations  to 
the  vertebrate  archetype,  as  the  displaced  hsemapophysial  element  of  the 
atlas,  to  which  segment  its  true  relative  position  is  shown  in  the  same  low 
organized  class  in  which  the  typical  position  of  the  scapular  arch  is  likewise 
retained. 

The  adaptive  developments  of  the  radiated  appendage  of  the  occipital 
hsemal  arch  reach  their  maximum  in  man,  and  the  distal  segment  of  the  ap- 
pendage constitutes  in  him  an  organ  which  the  greatest  of  ancient  philoso- 
phers has  defined  as  the  '*fit  instrument  of  the  rational  soul ;"  and  which 
the  first  of  modem  physiologists  has  described  "  as  belonging  exclusively  to 
loan— as  tlie  part  to  which  the  whole  frame  must  conform"*.  And  these  ex- 
presnons  give  no  exaggerated  idea  of  the  exquisite  mechanism  And  adjust- 
ment of  its  parts. 

It  is  no  mere  transcendental  dream,  but  true  knowledge  and  legitimate 
fruit  of  inductive  research,  that  clear  insight  into  the  essential  nature  of  the 
organ,  which  is  acquired  by  tracing  it  step  by  step  from  the  unbranched 
pectoral  ray  of  the  protopterus  to  the  equally  small  and  slender  but  bifid 
pectoral  ray  of  the  amphiume,  thence  to  the  similar  but  trifid  ray  of  the 
proteus,  and  through  the  progressively  superadded  structures  and  perfec- 
tions in  higher  reptiles  and  in  mammals.  If  the  special  homology  of  each 
part  of  the  diverging  appendage  and  its  supporting  arch  are  recognisable 
from  Man  to  the  fish,  shall  we  close  the  mind's  eye  to  the  evidences  of  that 
higher  law  of  archetypal  conformity  on  which  the  very  power  of  tracing  the 
lower  and  more  special  correspondences  depend  ? 

Until  the  alleged  facts  (p.  285)  are  disproved,  demonstrating  change  of 
position  to  be  one  of  the  modifications  by  which  parts  of  a  natural  and  re- 
cognisable endoskeletal  segment  are  adapted  to  special  offices,  and  until 
the  conclusions  (p.  286)  deduced  from  those  facts  are  shown  to  be  fallacious,  I 
must  retain  the  conviction  that,  in  their  relation  to  the  vertebrate  archetype, 
the  human  hands  and  anuA  are  parts  of  the  head — diverging  appendages  of 
the  costal  or  hsmal  arch  of  the  occipital  segment  of  the  skull  f. 

«  Ben  rSir  CharleaX  ''  The  Hand."    Bridgewater  Treatise,  1833,  pp.  16, 18. 

M^vov  ck  Kal  ^fi^o^toy  ylyvtrai  rtiv  dXXwy  C«^wv  dvBptairot. — jtrittotle. 

t  Aa  another  example  of  the  new  light  and  interest  which  a  knowledge  of  general  homo- 
logy gives  to  the  facts  of  ahnormal  anatomy  in  the  human  species,  I  may  cite  the  remark- 
able case  described  by  Sir  C.  Bell  {op,  eit  p.  52),  of  the  boy  *  bom  without  arms/ — '  but  who 
had  clavicles  and  scapulae/  Here  development  was  arrested  at  the  point  at  which  it  is  normd 
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The  cefUrumt  s  c,  of  the  parietal  vertebra  gives,  in  the  human  foetos*  the 
sfune  evidence  of  its  essential  individuality,  by  the  same  absence  of  the  mask 
of  connation  which  somewhat  concealed  it  in  the  oviparoos  classes,  as 
we  have  already  noticed  in  the  lower  mammal  (fig.  24).  The  nenrapo- 
physes  (o)  rise  higher  to  reach  their  proper  spine  (7)  in  the  lofty  cranial  dome 
of  man,  of  which  that  divided  and  enormously  expanded  element  forma  the 
greatest  part  of  the  roof:  but  the  base  of  the  neurapc^hysis  continues  to  be 
perforated  by  the  homologous  divisions  of  the  nerve  (/r)  that  notches  it  in 
the  cod-fish  (fig.  5,  0  <r).  The  parapophysit  (s)  retains  its  autogenous  or 
independent  character  in  relation  to  its  proper  neural  arch,  the '  additamental' 
suture  by  which  it  manifests  its  normal  relations  to  the  neural  spine  (7)  being 
persistent;  but  it  speedily  coalesces  with  the  acoustic  capsule,  is  (from 
which  it  is  artificially  separated  in  fig.  25),  and  with  the  modified  plewrapfh- 
physiSi  98,  as  has  been  already  explained  in  the  chapter  on  <  Special  Homo« 
logy'  (Mastoid,  pp.  197-210). 

The  prxi^er  pkurapophysis  (ss)  of  the  parietal  vertebra  ordinarily  becomes 
confluent  with  contiguous  and  coalesced  portions  of  the  parapo{^ysi&,  s,  and 
acoustic  capsule,  is ;  and  the  ossified  portion  of  the  hamapopAyns^  40  A,  is 
separated  from  it  by  a  long  ligamentous  tract,  and  becomes  confluent  with 
the  fumnal  spinet  a\  hs.  The  entire  inverted  arch  exhibits  the  usual  arrested 
growth  characteristic  of  the  air-breathing  vertebrates,  and  its  appendages 
are  represented  by  the  still  retained  '  hypobranchial'  elements,  46,  of  the 
splanchnic  arches,  which  are  so  voluminously  developed  in  the  fish. 

The  centrum  and  nenrapopkyses  (9, 10)  of  the  frontal  vertebra  nuinifest  the 
same  speedy  coalescence  as  in  other  mammals.  The  spine^  11,  though  developed 
from  two  lateral  moieties,  regains  its  normal  unity,  as  a  general  rule,  in  man 
by  the  obliteration  of  the  median  suture :  its  transverse  and  vertical  expans>e 
here  attain  their  maximum.  The  parapophysis  (11)  is  developed,  as  in  the 
occipital  segment,  as  an  exogenous  procesH,  called  '  external  angular  or  or- 
bital in  anthropotomy,  but  from  the  neural  spine  instead  of  the  neurapo- 
physis.  This  element  b  perforated  by  its  characteristic  nerve  (op).  The  pleur* 
apophysis^  ts,  is  now  separated  from  its  parapophysis,  11,  by  both  parts,  w  and 
so,  of  the  diverging  appendage  of  the  maxillary  arch ;  but  yet  it  is  interesting 
to  note  that  it  is  still  connected  through  the  medium  of  these  with  the  same 
element  to  which,  agreeably  with  the  greater  retention  of  the  vertebrate 
archetype,  it  directly  articulates  in  the  fish  (fig.  5,  it,  ss  a-d).  The  inter- 
calated piece  (97)  further  interposes  itself,  as  in  other  mammals,  between 
the  pleurapophysis,  ss,  and  haemapophysis,  S9,  of  the  frontal  segment,  directly 
articulating  with  the  latter  and  leaving  the  proximal  element  of  the  arch  (ss) 
reduced  in  man  to  its  subordinate  function  of  sustaining  the  ear-drum.  l*he 
hamapophysiSyViiWidJuBmalspineyV^  are  connate,  and  soon  coalesce  with  their 

in  the  Anguii,  Pteudoputf  and  some  other  limbless  and  snake-like  lizards.  The  usual  pre- 
dominating  development  of  the  scapular  appendage  has  bred  so  prevalent  an  idea  of  the  sub- 
ordinate ^aracter  of  the  supporting  arch,  that  the  existence  of  the  arch  minus  the  append- 
sgCf  is  adverted  to  not  without  a  note  of  surprise  in  the  above-dted  and  other  excellent  works. 
General  homology,  however,  teaches  that  a  vertebral  arch  is  a  more  constant  and  important 
part  than  its  appendages ;  and,  that,  being  anterior  in  the  order  of  development,  it  may  be 
expected,  in  cases  where  development  is  arrested,  whether  normally  in  accordance  with  the 
nature  of  the  species  or  abnormally  as  an  individual  defect,  to  be  present  when  the  diverging 
appendages  are  absent.  Sir  Charles  Bell,  well  recognising  the  primary  function  of  the  modi- 
fied occipital  rib  in  relation  to  breathing,  observes,  in  reference  to  the  above-cited  case,  '*  We 
would  do  well  to  remember  this  double  office  of  the  scapula  and  its  muades,  that,  whilst  it  is 
the  very  foundation  of  the  bones  of  the  upper  extremity,  and  never  wanting  in  any  animal 
that  has  the  most  remote  resemblance  to  an  arm,  it  is  the  centre  and  point  d'appni  of  the 
muscles  of  respiration,  and  acts  in  that  capacity  where  there  are  no  extremities  at  all ! " 
p.  52. 
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q>po8kea  at  the  symphyBis  menti ;  and  the  whole  distal  portion  of  the  inverted 
arch  of  the  frontal  segment  is  then  formed  by  a  continuous  bar  of  bone»  modi- 
fied in  its  form  and  articulation,  and  by  its  dental  appendages,  in  subserviency 
to  maatioation  and  other  subordinate  functions  in  relation  to  the  human  mouth. 

We  recognise  the  centrum  of  the  nasal  vertebra  in  the  human  skull  by  the 
positMHi  and  connections  of  the  bone,  is,  notwithstanding  it  has  undergone 
as  e&treme  a  divergence  from  the  ordinary  cylindrical  shape  of  such  elements, 
as  its  homotype  at  the  opposite  extreme  of  the  vertebral  column  in  birds, 
which  Cnvier  compares  to  a  *  soc-de-charrue' :  it  is,  in  fact,  more  compressed 
and  vertically  developed  than  in  the  hog  (^g»  24,  13) ;  but  it  is  shorter,  and 
commonly  retains  its  original  individuality.  It  directly  supports  the  similarly 
modified  compressed,  and  also,  coalesced  neurapapj^^sesj  14,  which  termi- 
nating in  lihe  manner  the  series  of  their  vertebral  homotypes  anteriorly,  have 
undeigone  the  extremest  modification.  But  the  arguments  which  show  the 
coalesced  prefrontals  of  the  frog,  the  bird  and  the  mammal  to  be  the  special 
homoioguea  of  the  bones  so  called  in  the  fish,  establish,  as  a  corollary,  their 
general  homology  with  those  bones,  which  retain  in  so  much  greater  a  degree, 
and  unmistakeabiy,  their  neurapophysial  characters  in  that  lowest  class  of 
cold-blooded  yertebrates.  The  nature  of  the  additional  complication  by 
which  those  vertebral  or  archetypal  characters  are  further  masked  in  mam- 
mals, has  been  already  explained  iu  relation  to  the  nasal  neurapophyses  of 
the  bog.  The  olfactory  nerves  are  transmitted  in  man,  as  in  that  and  most 
other  inferior  mammab,  by  numerous  foramina,  i-i,  oL  The  nasal  tptne^  is,  is 
divided,  but  much-restricted  in  its  growth,  and  presents  a  singular  contrast 
in  that  respect  to  its  homotypes,  11,  7,  s,  in  the  succeeding  cranial  vertebree. 
The  development  of  the  neural  arch  of  the  nasal  vertebra  is  so  modified  in 
man,  so  contracted  as  well  as  retracted,  that  the  orbits,  instead  of  being 
pushed  apart  and  directed  laterally,  have  approximated  by  a  kind  of  reci- 
procal rotation  towards  the  median  plane,  and  have  thus  gained  a  directly 
anterior  aspect 

General  homology  perhaps  best  explains  the  import  of  the  continuation 
of  the  small  and  seemingly  insignificant  bones  (90,  pi)  from  the  roof  of  the 
mouth  **  up  the  back  part  of  the  nostrik  to  the  orbit,**  where  they  are 
connected  ^  to  the  osta  plana  and  cMuUb  ethmoidem  by  the  ethmoid  suture." 
That  the  connection  is  the  best  possible  for  the  functions  of  the  bone  we 
may  feel  assured,  without  the  sentiment  being  damped  by  diiceming  in  it, 
at  the  same  time,  the  attempt  to  retain  the  type,  and  repeat  those  constant  con- 
nections of  ikk^pleurapopkysiBXTi  question,  not  only  with  its  centrum  ^ vomer), 
but  also  with  the  modified  neurapophyses  of  its  proper  segment  (prefron- 
tals with  coalesced  olfactory  capsules  constituting  the  compound  *  ethmoid 
bone '  of  anthropotomy ).  The  connections  of  the  pleurapophysis,  to,  with  its 
hsemapophysis,  91,  in  front,  and  its  diverging  appendage,  34,  behind,  are  also 
retained  in  man ;  and  in  short,  all  those  characters  that,  depending  on  the 
essential  nature  of  the  palatine  bone  as  the  pleurapophysis  of  its  vertebral 
segment,  have  served  to  indicate  its  special  homology  from  man  to  the  fish, 
without  doubt  or  difficulty,  to  all  anatomists  (see  Table  I.). 

The  hcBmapophysis  (90)  has  the  usual  mammalian  expansion,  but  is  unu- 
sually short  in  man,  and  coalesces  unusually  early  with  the  corresponding 
moiety  of  the  luBmal  spine  (n).  Besides  the  normal  and  constant  connec- 
tions with  90  and  99,  the  hsBmapophvsis,  91,  articulates  with  its  fellow,  with 
the  centmm  (13),  neurapophysis  (14,  os  planum),  and  spine  (is),  of  its 
own  vertebra,  with  the  spine  of  the  frontal  vertebra  (u),  with  the  detached 
portion  of  the  olfactory  capsule  (19),  and  with  the  mu co-dermal  bone  (ra). 
It  also  affords  a  large  surface  of  attachment  to  the  proximal  piece  of 
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its  diverging  appendage  (m),  which,  in  addition  to  the  more  constant  con- 
nections with  11  and  ir,  articulates  in  man  with  the  oeorapophyflu  (it) 
and  parapophysis  (is)  of  the  frontal  vertebra.  The  distal  extremity  of  the 
second  bone  (sr)  of  Uie  diverging  appendage  attains  its  maximnm  of  expan- 
sion in  man,  and  besides  its  connection  with  ss,  and  the  glenoid  articuhtffcion 
for  the  hsemapophysis,  ss,  it  joins  the  parietal  neurapophysis,  s,  and  spine,  7, 
and  sometimes  also  (in  the  melanian  race)  the  spine  (ii)  of  the  frontal  ver- 
tebra :  and  it  speedily  coalesces  with  the  reduced  pleurapophysis,  ss,  of  the 
frontal  vertebra,  and  with  the  parapophysis  (s)  of  the  parietal  vertebra,  to- 
gether with  a  portion  of  the  capsule  of  the  acoustic  organ. 

In  reviewing  the  general  characters  of  the  human  skull  in  reference  to  the 
vertebrate  archetype,  we  find  the  occipital  segment  simplified  by  the  atrophy 
and  coonation  of  its  parapophyses  and  hsmapophyses ;  and  modified  chiefly 
by  the  excessive  growth  of  its  neural  spine  ahd  pleurapophyses,  and  by  the 
backward  displacement  of  the  latter  element,  as  in  all  other  air-breathing 
vertebrates.  The  parietal  segment,  retaining,  like  the  opcipitd  one,  the  more 
normal  proportions  of  its  centrum  and  neurapophyses,  is  still  more  remark- 
able for  the  vast  expanse  of  its  permanently  bifid  spine.  As  in  most  cold- 
blooded vertebrates,  the  parapophysis  preserves  its  independence  in  respect  of 
the  neural  arch  of  its  own  segment.  The  hsBmal  arch  retains  its  almost  foetal 
proportions,  but  is  less  displaced  than  in  some  of  the  inferior  air-breftthing 
vertebrates.  The  primitive  individuality  of  the  centrum  of  the  parietal  vertebra 
is  a  feature  by  which  the  human  subject,  together  with  all  other  mammals* 
manifests  a  closer  adhesion  to  type  than  is  observable  in  this  part  of  the  skull 
in  any  of  the  oviparous  vertebrates,  and  it  shows  the  necessity  of  extending 
comparbons  over  the  entire  series,  and  not  deducing  the  vertebrate  ilrche- 
type  exclusively  from  those  inferior  forms :  for  although  it  may  be  upon  the 
whole  best  retained  in  them,  yet  the  modifications  superinduced  in  subaer- 
viency  to  their  exigences,  and  by  which  they  diverge  to  that  extent  from  the 
common  plan,  and,  as  a  series  of  species,  from  the  common  vertebrate  stem* 
may  afilBct  a  paH  which  the  conditions  of  existence  of  higher  forms  do  not 
require  to  be  so  masked.  The  early  ossification  and  laige  proportional  aixe 
of  the  hyoidean  arch  in  the  human  embryo  b  very  significant  of  its  true 
nature  and  importance,  in  relation  to  the  archetjrpal  vertebrate  struetnre, 
t.  e.  as  being  the  haemal  complement  of  a  prinmry  segment  of  the  skulL 

Exogenous  processes  descend,  like  the  pair  from  beneath  the  lower  cer- 
vical vertebras  of  some  birds,  from  the  body  of  the  parietal  vertebra;  but 
the  true  transverse  processes  are  the  mastoids,  wjbich  always  articulate  with 
a  comer  of  the  parietals. 

The  centrum  and  neurapophyses  of  the  frontal  segment  retain  their  ordi- 
nary proportions,  and  the  spine  b  again  the  element  which,  by  its  extreme 
expansion  and  its  modification  in  sulraerviency  to  the  formation  of  the  orbits, 
chiefly  masks  the  typical  features  of  the  neural  arch.  The  parapophysis  is 
connate  and  reduced  in  size,  and  its  vertebral  relations  with  the  pleurapo- 
physis of  its  segment  interrupted  by  the  interposition  of  the  diveiging  appen- 
dage from  the  antecedent  hsmal  arch :  the  unusually  expand^  dbtal  end 
of  the  same  appendage  abo  intervenes  between  the  frontal  pleur-  and  hiem- 
apophyses ;  the  pleurapophysb  (ss)  being  more  atrophied  in  man  than  in 
most  inferior  mammals.  The  haamapophysb  and  spine  are  on  the  other 
hand  much  developed  and  modified  as  above  described,  for  the  business  of 
mastication,  though  relatively  shorter  than  in  other  mammals. 

The  compression  and  extension,  both  vertically  and  longitudinally,  of  the 
centrum  (u),  the  compression  and  coalescence  of  the  neurapophyses  (u),both 
with  each  other  and  the  nasal  capsules  (is),  and  the  corresponding  proportions 


ON  THB  VSIITEBRATB  8KSLBTON.  305 

of  the  divided  spine  (is),  mainly  characterize  the  neaial  arch  (N  iv)  of  the 
terminal  or  nasal  segment  of  die  human  skull.  The  earlj  coalescence  of  each 
hseTBapophjsi8(f  i)  with  the  corresponding  half  of  the  divided  hsemal  spine  (tt)* 
aad  the  unusual  expansion  of  the  bonesy  especially  the  second  (27),  which 
divert  firom  the  haemapophysisy  form  the  chief  characteristics  of  the  haemal 
arch  (H  iv)  of  the  nasal  segment.  The  hsemapophysial  portions  of  both  the 
nasal  and  frontal  vertebras  are  much  less  elongated  than  in  most    other 


It  may  serve  to  test  the  accuracy  of  the  general  homologies  here  assigned 
to  the  bones  of  the  human  skull»  if  we  notice  the  degree  to  which  they  have 
bem  mbjeet  to  modification  in  connection  with  such  determinations. 

According  to  the  general  character  of  the  vertebral  elements  in  the  rest  of 
the  frames  we  should  be  prepared  to  expect  that  the  haemal  arches  would  be 
subject  to  a  greater  variety  in  respect  of  development  and  relative  position 
to  dieir  segments  than  the  neural  ardies ;  and  that  in  the  latter  the  parts 
detennined  as  centrums  and  neurapophyses  would  retain  more  of  the  or« 
dinary  proportions  of  such  parts  in  other  segments  or  in  other  animals,  than 
tbe  peripherally  situated  spines.  If  new  bones  are  added,  we  should  expect 
to  find  tdhem  in  the  relative  position  of  appendages  to  the  nonlial  vertebral 
arches:  or  should  these  be  homologous  with  similar  superadditions  in  the 
skulls  of  lower  animals,  they  will  probably  be  the  teat  of  more  extensive 
changes  of  form,  proportion  and  connections,  than  the  elements  of  the  verte* 
bral  arches  themselves. 

Now  if  the  reader  will  glance  at  fig.  25  and  compare  the  bones  forming 
the  segments  of  the  skull  with  those  in  figs.  24, 2S,  22  and  5,  he  cannot  but  be 
struck  with  the  remarkable  d^ee  of  uniformity  in  the  dimensions,  of  the 
bones  s,  e  and  10 :  no.  u  being  Uie  terminal  neurapophysis,  has  been  the  seat 
of  more  variety ;  but  the  general  steadiness  of  this  series  of  bones  in  regard 
to  their  dimensions  and  connections  accords  with  the  characters  assigned  to 
theoK  ss  neurapophyses,  which  are  always  the  most  constant  and  important 
of  Che  ossified  vertebral  elements. 

The  bones  1, 0,  9  and  is  equally  conform  in  the  kind  and  degree  of  their 
modifications  with  their  determination  as  the  bodies  of  the  vertebrae. 

The  increasing  capacity  of  the  neural  canal  of  the  head,  demanded  for  the 
lodgment  of  the  progressively  expanded  encephalonas  the  vertebral  scale  rises, 
is  chiefly  acquired  by  the  expansion  of  the  bones,  s,  r,  11,  which,  being  deter- 
mined as  'neural  spines'  in  the  fish,  might  be  expected  to  be  subject  to  greater 
devhtitions  from  their  ^fMcal  form  and  proportions  than  the  more  central 
and  essential  parts  of  the  neural  arches.  The  terminal  neural  spine,  15,  is 
solgect  to  still  greater  varieties  in  the  range  of  species,  as  might  also  be  ex- 
peeled  tern  its  position.  In  one  mamlmal,  tf.  ff.  the  porcupine,  it  is  more 
expanded  than  any  of  its  succeeding  homotypes  in  the  cranium ;  in  man  its 
proportions  are  so  much  reduced  as  greatly  to  mask  the  homotypal  relation. 
In  one  mammal,  e.^.  the  orang,  the  nasal  spine  is  not  only  diminutive  but 
single :  in  another  mammal,  e.  g.  the  manatee,  it  is  also  diminutive  but  di- 
vided, and  the  halves  completely  separated  by  the  intervention  of  part  of  the 
soeeeediog  spine. 

The  abnormal  conditions  of  the  human  skull  give  further  illustration  of  the 
truth  of  these  general  homologies  of  the  cranial  bones,  and  reciprocally  re- 
ceive light  from  sudi  determinations.  In  the  case  of  idiots  from  defective 
growth  or  development  of  the  brain,  where  the  cavity  of  the  cranium  b  re- 
duced to  half  or  less  than  half  its  normal  capacity,  as  e,  g.  in  the  skull  described 
and  figured  in  my  '  Memoir  on  the  Osteology  of  the  Chimpanasee*,*  it  might 

*  Zoological  Transactions,  vol.  i.  p.  343,  pi.  57  and  58. 
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have  been  expected  from  the  aathropotomical  ideas  of  the  cranial 
according  to  which  no  one  bone  is  deemed  either  more  or  less  important 
than  another  in  its  essential  nature,  and  where  the  squamosal  is  as  little  re- 
garded in  the  light  of  a  superadded  or  intercalary  piece  as  the  ali^benoid, — 
tiiat  all  would  be  reduced  in  the  same  proportion  in  forming  the  parietes  of 
the  contracted  brain-chamber.  But  this  is  by  no  means  the  case.  In  the 
instance  above^ited  the  basiocoipital  and  basisphenoid  have  been  developed 
to  their  usual  size,  and  the  distance  from  the  posterior  boundary  of  the  bony 
palate  to  the  anterior  border  of  the  foramen  magnum  is  as  great  as  in  any 
normal  skulL  The  ezoccipitals  (condyloid  portions  of  the  oociput)>  the 
alisphenoids  and  the  orbitosphenoids  retain  in  like  nuinner  their  full  dimen- 
sions. The  distance  between  the  frontal  and  temporal  bones  is  as  great  as 
in  the  average  of  fully  developed  Caucasian  skulls,  and  is  greater  than  in 
most  of  those  from  the  M elanian  race,  in  which  the  direct  junction  of  the 
frontal  with  the  temporal,  as  in  the  chimpanzee,  is  by  no  means  rare.  The 
contraction  of  the  capacity  of  the  brain-chamber  is  due  chiefly  to  arrested 
development  of  the  frontab,  parietals,  supraoccipital  and  squamosals.  By 
the  reduction  of  the  supraoccipital  and  the  retention  of  the  centrums  of  the 
cranial  vertebrae  of  their  normal  proportions,  the  foramen  magnum  becomes 
situated  nearer  the  back  part  of  the  basis  cranii  than  in  the  normal  skulL 

In  a  still  smaller  cranium  of  a  female  idiot,  who  reached  the  age  of  twenty- 
one  years,  which  b  preserved  with  the  male  idiot's  skull  above-mentioned  in 
the  anatomical  museum  of  St.  Bartholomew's  Hospital,  the  contrast  between 
the  normal  proportions  of  the  basiocoipital,  basisphenoid,  exoccipitals,  ali- 
sphenoids and  orbitosphenoids,  on  the  one  hand,  and  the  reduced  dimensiona 
of  the  supraoccipital,  parietals,  frontals  and  squamosals  on  the  other,  is  still 
more  striking  and  significant  of  the  true  nature  of  those  bones.  The  normal 
growth  of  the  centrums,  indeed,  might  be  explained  by  the  concomitant  nearly 
normal  size  of  the  medulla  oblongata,  base  of  third  ventricle  and  optic  chi- 
asma,  in  the  brain  of  the  same  idiot :  but  it  is  not  so  obvious  from  the  con- 
dition of  the  brain  itself  why  the  alisphenoid  should  not  have  shrunk  in  the 
same  proportion  as  the  parietals,  frontab  and  squamosals.  To  the  homologist, 
however,  the  recognised  difference  of  subjectivity  to  modification  presented 
by  the  neurapophyses,  spines  and  diverging  appendages  of  the  typical  seg- 
ments, renders  very  intelligible  the  partial  seats  of  arrested  growth  in  the 
bones  of  these  idiots'  crania. 

In  reference  to  disease,  also,  one  sees  not  why  the  albphen<Md  should  have 
a  minor  attraction  for  the  morbid  products  deposited,  or  be  less  subject  to 
the  destructive  actions  excited,  during  syphilitic  or  mercurial  disease^  than 
the  parietals,  or  the  orbitosphenoids  than  the  frontals,  or  the  exoccipitals 
than  the  supraoccipital:  yet  it  needs  but* to  examine  any  series  of  such 
morbid  skulb  in  our  museums  of  pathology  to  be  convinced  that  the  variable 
and  peripheral  elements  of  the  neural  arches,  viz.  their  expanded  spines,  are 
almost  exclusively  so  affected:  the  frontal  and  parietsl  being  the  most 
common  seats  of  tne  disease ;  the  supraoccipital  a  less  frequent  one,  concomi- 
tantly with  its  minor  deviation  from  the  typical  standard  of  the  element.  I  have 
yet  seen  no  example  in  which  either  a  cranio- vertebral  centrum  or  neura- 
pophysb  was  so  affected ;  but  the  nasal  bones  are  notoriously  attacked. 

It  would  be  easy  to  multiply  such  instances  of  the  new  light — new  eyes, 
so  to  speak, — ^with  which  human  anatomy,  nonnal  and  abnormal,  b  viewed, 
after  the  essential  nature  or  general  homology  of  the  parts  have  been  appre- 
ciated. 

If  the  bones  4,  s,  it,  fig.  5,  have  been  correctly  determined  as  theparapo- 
physes  of  the  cranial  vertebrae,  they  might  be  expected  to  be  subject  in  the 
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coone  of  adaptive  modification  to  the  loss  of  their  individuality,  and  from 
antogenous  elements  to  be  reduced  to  the  condition  of  exogenous  procesees* 
Now  this  ii  exactly  what  we  trace  in  the  series  of  vertebrate  skulk ;  and  we 
are  further  prepared  to  expect  that  the  simplification  of  the  segment  forming 
the  anterior  extremity  of  the  vertebral  aeries  will  be  in  part  effected  by  the 
total  disappearance  of  its  least  important  elements,  the  parapophyses.  These 
are»  in  fact,  absent  in  the  nasal  vertebra  in  all  animals ;  they  become  con- 
fluent with  the  occipital  vertebra  in  most  reptiles  and  all  warm-blooded  ani- 
mab ;  and  in  the  latter,  we  find,  with  the  exception  of  a  few  birds,  that  the 
parapophyses  of  the  frontal  vertebrae  have  likewise  lost  their  individuality. 

The  first  endoskeletal  bones  which  plainly  disappear  from  the  skull  in 
tracing  its  modifications  upwards  from  fishes  are  those  which,  in  the  present 
vertebral  theory,  have  been  referred  to  the  category  of  divei^ing  appendages; 
viz.  the  entopterygoid  (fig.  S^u),  the  operculars  (ib.  34-37),  and  the  branchi- 
ostegals  (ib.  44).  The  first  bones  that  we  discover  to  be  plainly  superadded 
to  those  that  remain  after  the  above  subtraction,  in  the  skull  of  the  reptiles, 
for  example,  are,  also,  referable,  in  the  present  vertebral  theory,  to  the  same 
variable  and  inconstant  class  of  elements :  they  are  the  ectopterygoids  (fig. 
22, 14'),  the  makrs  (figs.  22  to  25,  ss)  and  the  squamosals  (t6.  sr ) ;  and  are, 
in  general  homology,  diverging  appendages  of  the  palato-maxillary  arch. 
They  are  subject  to  more  inconstancv  as  to  their  existence  than  the  more 
regular  and  normal  elements  of  the  skull :  some  reptiles,  for  example,  have 
the  malar  and  squamosal,  whilst  others  want  them ;  most  reptiles  have  the 
ectopterygoid,  but  this,  which  is  not  present  in  fishes,  is  again  taken  away  in 
the  warm-blooded  vertebrates.  With  reference  to  inconstancy  of  form  and 
connect  ions  no  bone  of  the  cranium  exceeds  the  squamosal,  and  it  is  precisely 
this  distal  element  of  the  diverging  appendage,  which,  through  its  inordinate 
development,  most  masks  the  archetypal  character  of  the  human  cranium 
(compare  sr,  fig.  25,  with  sr,  fig.  23). 

Clastificaiion  of  SkuU-banes, — A  knowledge  of  the  special  homologies  of 

the  bones  of  the  skull  is  essential  to  that  of  their  general  homology,  and  a  know- 

ledge  of  their  general  homology  is  indispensable  to  their  natural  classification. 

Cuvier  divides  the  bones  of  the  head  in  all  animab  into  bones  of  the  era- 

mum  and  bones  of  the  face. 

The  bones  of  the  cranium  are  those  of  the  cavity  containing  the  brain  : 
all  the  rest  are  bones  of  the  face  and  contribute  to  form  the  cavities  for  the 
organs  of  sight,  smell  and  taste'*'.  But  these  primary  divisions  do  not  in- 
clude the  same  bones  in  all  animals :  the  nasal  (fig.  .5,  is)  and  vomer  (ib>  13) 
are  cranial  bones  in  fishes,  but  not  in  mammals :  the  squamosal  (fig.  25,  xr)  is 
a  cranial  bone  in  mammals  and  not  in  birds  or  reptiles,  &c.  And  this  dis- 
crepancy in  the  Cuvierian  classification  of  cranial  bones  is  due,  not  only  to  a 
Bon- appreciation  of  their  essential  nature,  but  partly  to  mistakes  of  special 
homologies :  thus  the  nasal  is  called  ethmoid  in  the  fish,  and  the  squamosal 
is  called  jugal  in  the  bird. 

In  all  anthropotomical  classifications  the  bones  of  the  cranium  are  reckoned 
eight  in  number :  four  single,  viz. — 

The  frontal  (fig.  25, 1 1) ; 

The  ethmoidal  (t6.  u  and  is) ; 

The  sphenoidal  (o,  s,  0, 10  and  S4)  ; 

The  occipital  (1,  9  and  3)  :  and 
four  in  pairs,  viz. — 

The  two  parietal  (7),  and 

The  two  temporal  (s,  10,  S7,  ss  and  39). 

*  lieqora  d'Anat.  Comp.  t.  ii.  (1837)  p.  159. 
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The  bones  of  iheface  are  reckoned  as  foorteen  in  number,  viz. — 

The  two  malar  (90) ; 

The  two  maxillary  (at,  <i) ; 

The  two  palatal  (90) ; 

The  two  nasal  (ts)  ; 

The  two  turbinal  (10) ; 

The  vomer  (i3)»  and 

The  mandible  (9iMk«); 
The  detached  portibn  of  the  hyoid  arch  (40,  4i)  and  its  appendages  (47), 
together  with  the  whole  of  the  scapular  arch  and  its  appendages,  are  excladed 
from  the  category  of  the  bones  of  the  head. 

The  natural  classification  of  the  bones  of  the  human  skull  appears  to  me 
to  be,  first  into  those  of 

The  £ni>o-bkelbtok, 

The  Splanchno-skeleton,  and 

The  £X0-8KELET0K. 

The  primary  divuion  of  the  bones  of  the  tnda-skelelbn  is  into  the  four  Beg- 
ments,  called 

Occipital  vertebra,  N  i,  H  i ; 

Parietal  vertebra,  N  11,  H  11 ; 

Frontal  vertebra,  N  iii,  H  iii ; 

Nasal  vertebra,  N  iv,  H  iv; 
These  are  subdivided  into  the  neural  arches,  called 

Epencephalic  arch  (1,  t,  3) ; 

Mesencephalic  arch  (5,  »,  7,  s); 

Prosencepbalic  arch  (g,  10, 11  and  19) ; 

Rhinencephalic  arch  (13, 14,  is) : 
and  into  the  hiemal  arches  and  their  appendages,  called 

Maxillary  arch  (90,  91  and  99)  and  appendages  (94,  90,  97)  ; 

Mandibular  arch  (98,  99-39)  (na  appendage)  ; 

Hyoidean  arch  (ss,  40,  41)  and  appendages  ^40) ; 

Scapular  arch  (si  and  59)  and  appendages  (53-59). 
The  bones  of  the  spUmchno-skeleioni  are 

The  petrosal  (is)  and  otosteals  (is')*  J 

The  turbinals  (is  and  10)  and  teeth.  (The  sclerotals  retain  theit  primitive 
histological  condition  as  fibrous  membrane.) 
The  bones  of  the  exo-skeleton,  are 

The  lacrymals  (73). 

*  These  OBsicles  are  descrihed  by  most  anthropotomtstB  as  parts  of  the  'temporal  bone.' 
**  Os  temporum  infantis  magnopere  ab  osse  tempormn  adulti  differt ;  Ubyrintlit  et  osaieuKitum 
andit&s  fabrica  absoluta  ^''  says  Soemmerring  in  the  classical  work  befoTe  cited  (t.  L 
p.  132).  The  significatioii  of  the  differences  between  the  foetal  and  adult  homui  temporml 
bone,  which  the  great  anthropotomist  truly  regarded  as  so  remarkable,  is  made  plain  by 
anatomy ;  which  shows  the  bone  to  be  an  assemblage  of  several  essentially  distinct  ones,  and 
at  the  same  time  e3cpoBes  the  character  of  th»fc  Angularly  heterogeneous  assembhge  and 
coalescence  of  osseous  elements  to  meet  the  exigences  of  the  peculiarly  developed  fnxae  of 
man.  What  the  '  ossicula  audita '  are,  is  a  problem  which  still  awaits  carefid  additional 
research  in  the  embryonic  deyelopment  of  the  hemal  arches  of  the  cranium,  for  its  satis- 
£ictory  solution.  The  question  is  not,  of  course,  whether  they  are  dismemberments  of  the 
'  temporal  bone/  since  this  has  no  real  claim  in  any  animal  to  an  individual  character;  bni 
whether  the  ossicles  of  the  ear-drum  in  mammals  are  to  be  regnded,  like  the  pedicle  of  the 
eye-ball  in  the  plagiostomous  fishes,  as  appendages  to  a  sense-organ,  and  thereby  as  develop, 
ments  of  the  splanchno-skeleton ;  or  whether  they  are,  like  the  tympanic  ring,  modificationa 
of  the  tympano-mandibular  arch.  The  reasons  are  adduced  in  the  Chapter  on  'Spedsd 
Homology*  (p.  235)  which  have  led  me  to  view  them  as  peculiar  mammuiao  productions 
in  relation  to  the  exalted  functions  of  a  special  organ  of  sense. 
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The  conne  of  coalescence  reduces  the  epencephalic  arch  (fig.  25»  N  i)  to 
one  bope,  the  scapular  arch  to  one  bone  (the  arch  is  apparently  completed 
by  the  connexion  of  an  element  (n')  not  appertaining  to  the  skull).    The 
oenfrums  s,  (o)  and  nenrapophyses  (s,  lo)  of  the  parietal  and  frontal  vertebrsB 
coalesce  together  and  with  the  diverging  appendages  (s4)  of  the  maxillary  arch 
to  form  one  bone,  the  ^  sphenoid '  of  anthropotomy,  and  this  ultimately  coa- 
lesces vith  the  epencephalic  arch  and  constitutes  the  'os  spheno-occipitale '  of 
Soetnmenring.      The  expanded  halves  of  the  parietal  spine  (r)  remaining 
UMudly  distinct  are  reckoned  as  two  bones.  The  expanded  halves  of  the  frontal 
spine  (ii)  usually  coalescing  together  form  a  single  bone.    The  halves  of  the 
nasal  spine  (is)  rarely  coalescing  are  counted  as  two  bones.    The  mastoid  (s) 
coalesciog  with  the  petro6al(is)  and  this  with  the  tympanio(M),  squamosal  (tr) 
and  stylohyal  (ss)*  Uie  whole  is  reckoned  a  single  bone,  which  thus  combines 
a  parapophysis  and  pleurapophysis  of  one  vertebra  with  a  pleurapophysis  of 
another  and  a  diverging  appendage  of  a  third  vertebra,  and  all  these  parts  of 
the  endo-skeleton  become  confluent  with  a  sense-capsule  belonging  to  the 
aplanchno-skeleton :  such  is  the  heterogeneous  compound  character  of  the 
*  temporal  bone '  of  anthn^potomy.  The  neurapophyses  of  the  nasal  vertebra 
(14)  coalesce  with  each  other  and  with  a  considerable  part  of  another  ossified 
aense-capsule  (is),  to  form  the  single  bone  called  *  ethmoid.'    The  maxillary 
bone  iodudes  the  superior  maxillary  (si)  and  premaxillary  (ts)  of  the  lower 
animals.  The  hyoid  bone  includes  the  basihyal  (41),  with  the  ceratohyals  (40) 
and  the  thyrohyals  (4e).    The  scapula  includes  both  the  pleurapophysis  (si^ 
and  the  haemapophysis  (n)  of  the  ocoipito-hsenuil  arch.   The  signification  of 
the  separate  points  of  ossification  of  the  human  fcetal  skull  is  made  plain  by 
the  foregoing  applications  of  the  ascertained  general  homologies  of  the  bones 
of  that  part  of  the  skeleton. 

Objections  to  the  Cranial  verttbraconsidered* — The  latest  and  most  formal 
obyectioQ  to  the  fundamental  idea  on  which  the  general  homologies  of  the 
bmes  of  the  head  have  been  worked  out  in  the  present  Report,  is  also 
the  most  formidable  in  respect  of  the  great  and  deserved  eminence  of  the 
obfeetor.  In  a  manuscript  left  by  Baron  Cuvier,  entitled,  ^'  Le  cr&ne  est-il 
one  vertdbre  on  un  compos6  de  trois  ou  quatre  vertdbres  ?"  appended  to 
the  posthumous  edition  of  the  '  Lemons  d*Anatomie  Compart*,  he  admits 
that  *'  the  analogy  of  the  basilar  and  two  condyloid  parts  of  the  occiput  with 
the  body  and  two  halves  of  the  annular  part  of  the  atlas  is  very  appreciable. 
The  baaoccipital  and  the  body  of  the  atlas  serve  equally  to  support  the 
myelon  ;  the  exoccipitab  and  the  two  halves  of  the  ring  of  the  atlas  to  cover  it. 
The  condyles  are  represented  by  the  articular  processes  by  which  the  atlas  is 
joined  to  the  dentata.  The  condyloid  foramen,  which  gives  passage  to  the 
nerve  of  the  ninth  pair,  has  some  relation  with  the  hole  in  the  atlas  which 
gives  passage  to  the  first  cervical  nerve  and  to  the  first  bend  of  the  vertebral 
artery.  Some  have  also  found  a  certain  relation  between  the  mastoid  process, 
which  in  most  animals  appertains  to  the  occipital  bone,  and  the  transverse 
process  of  the  atlas  and  the  other  vertebrae ;  upon  which  it  must  be  remarked 
that  these  relations  are  less  in  man,  in  some  respects,  than  in  the  quadrupeds, 
Hnoe  the  atlas  has  commonly  only  a  notch  for  the  passage  of  the  artery,  and 
the  mastoid  belongs  in  man  entirely  to  the  petrosal ''f.  ''  We  may  even  com- 

*  Tome  iL  p.  710.  (1837)  par  MM.  F.  G.  Cuvier  and  Laurillard,  who  hold  the  arguments 
of  their  author  to  be  conduaive.  The  ciitidsm  in  the  '  Histoire  det  Poiuons/  t.  i.  p.  230, 
lean  only  upon  the  ^priori  eranio-Tertebral  theory  of  Geoffinoy,  and  does  not  conoem  us 


t  **  L'axialogie  de  cet  trois  pieces,  le  basilaire  et  les  deux  cond^iidiens,  avec  les  trois 
pieees  de  I'atlu,  son  corps  et  les  deox  moiti^s  de  sa  partie  annulaire  est  trte  sensible.  La 
btnhire  et  le  corps  de  1  atlas  seryent  ^galement  ^  supporter  la  moelle  ^piniere  ;  les  eondy- 
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pare,**  Cuvier  8ays»  **  the  supraoccipital  to  the  spinous  processes  which  in 
certain  animals  originate  by  special  points  of  ossification  and  remain  for  some 
time  distinct  from  the  rest  of  the  vertebra :  nevertheless,  there  is  already  here 
a  great  difference  of  structure  and  function  *•"  With  regard  to  the  points  in 
which  Cuvier  is  willing  to  admit  an  *  analogy  *  between  the  occiput  and  the 
atlas,  he  subjoins,  agreeably  with  his  idea  of  the  law  which  governed  such 
correspondences, — ^  These  resemblances  might  naturally  be  expected  in  the 
part  of  the  head  placed  at  the  extremity  of  the  vertebral  column,  and  the 
functions  of  which  are,  in  fact,  analogous  to  those  of  vertebrae,  since  it  g^ves 
passage,  like  them,  to  the  great  neural  axisf.** 

With  regard  to  the  feature  of  resemblance  (quelqne  rapport)  which  some 
had  seen  between  the  mastoid  process  and  a  transverse  process,  Cnvier  founds 
his  objection  to  its  application  to  the  vertebral  character  of  Uie  oeeipitai 
bone  on  a  false  homology.  Concluding  that  the- mastoid  in  man  (fig.  25,  s) 
was  homologous  with  the  paroccipital  in  the  hog  (fig.  22,  4)%  and  some 
other  quadrupeds,  he  deems  the  determination  of  the  paroccipital  as  the 
transverse  process  of  the  occipital  vertebra  to  be  invalidated  by  the  fact 
that  the  *  mastoid '  belongs,  in  man,  not  to  the  occipital  but  to  the  petrosal. 
There  were  cases,  bowever,  not  unknown  to  the  able  Editors  of  the  posthu- 
mous edition  of  the  '  Le9ons  d' Anatomic  Compart*  where  the  true  trans- 
verse processes  of  the  occipital  vertebra,  though  exogenous,  like  those  of  the 
succeeding  trunk-vertebrae  in  man,  had  become  developed  to  an  equal  extent 
with  such  transverse  processes ;  the  abnormality  of  the  human  occipital  thus 
repeating  its  normal  condition  in  the  quadruped.  They  however  do  not  cite 
these  instances,  or  notice  the  confusion  by  their  author  of  the  true  mastoid 
with  the  paroccipital  in  reference  to  this  his  first  objection  to  the  vertebral 
homology  of  the  occipital  segment  But  it  might  further  have  been  re- 
marked, in  respect  of  the  segment  of  the  skull  to  which  the  mastoid  really 
stands  in  parapophysial  relation,  that  although  the  mastoid  belongs  in  man  to 
the  petrosial  in  the  sense  of  being  anchylosed  with  it,  it  articulates  with  the 
parietal ;  and  the  persistence  or  obliteration  of  a  primitive  suture  is  too'  vari- 
able a  phaenomenon  to  determine  to  which  of  two  bones  a  third  connected  with 
both  essentially  belongs.  The  constant  existence  of  the  paroccipital  either 
as  an  autogenous  element  or  an  exogenous  transverse  process  in  all  the 
oviparous  vertebrate  classes,  its  common  existence  in  mammals,  and  occa- 
sional, though  rare,  development  in  man,  establish  that  additional,  though 
by  no  means  essential  vertebral  character  in  the  occipital  segment,  which 

loidienB  et  les  deux  moiti^s  de  Tanneau  de  Tatlas  K  la  couvrir.  Lea  condyles  sont  repi^- 
aent^  par  let  facettes  articulaires  au  moyen  desquelles  I'atlas  s'antt  k  r«ds.  Le  troa  con- 
dylien  qui  laiate  pasaer  le  nerf  de  la  neuvi^me  pair,  a  quelque  rapport  avee  le  trou  de  I'mtlms 
qui  Uisse  paster  le  premier  nerf  cervicali  et  la  premise  courbure  de  Tartere  veitebrale.  Ob 
a  aussi  trouv^  quelqne  rapport  entre  Tapophyse  mastoTde  qui,  dant  la  plupart  det  animauz, 
appartient  h,  Toccipital,  et  I'apophyte  transverse  de  Tatlas  et  des  autres  vertdbres ;  sur  quoi 
il  faut  remarqner  que  cet  rapports  tout  moindret  dant  I'homme  k  certaina  ^gards  que  dans 
let  quadruplet,  puitque  I'atlat  n'y  a  ordinairement  qu'nne  ^hancrure  pour  le  parage  de 
Tarure  et  que  Tapophyte  mattoide  y 'appartient  entimment  au  rocher."— 4.  c.  p.  710. 

*  *<  On  ponrrait  meme  comparer  Toccipital  tuperieur  aox  apophyses  ^pineuset  qui,  dans 
certains  animaux,  naissent  par  des  points  d'ossification  particuliers,  et  restent  quelque  temps 
distincts  du  reste  de  la  vertebre;  cependant  il  y  aurait  dejik  id  une  grande  di£R^rence  de  struc- 
ture et  de  fonction.''— I.  c.  p.  711. 

t  "  Cet  retemblanoet  ^taient  natnrellet  i  attendre  dant  la  partie  de  la  tdte  plao^  9k  I'extr^ 
mit^  de  la  colonne  vert^rale,  et  dont  let  fonctiont  tont  en  effetanalognet  a  oeUes  det  ver- 
tebres  puisqu'eUe  laisse  passer  comme  elles  le  grand  tronc  medullaire." — L  e.  p.  711. 

%  Cuvier,  0.  g,  describes  this  dement  as  "  L'apophyse  mastoide,  qui  est  tr^longoe,  tres- 
pointue  et  toute  de  I'ocdpital,''  in  his  daborate  Ouement  det  Cockontf  Oss.  Fos£les,  t.  ii. 
pt.  i.  p.  117. 
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Cnvier  seeks  to  obscure  by  the  normal  absence  of  its  proper  transverse  pro- 
cesws  in  man,  and  the  assamed  transference  of  them  to  another  part  of  the 
tkuO. 

CuTier  in  the  next  place  objects  to  the  comparison  of  the  sapraoccipital 
vith  the  neural  spine  of  a  trunk- vertebra,  "  because  of  its  vast  difference  of 
■tructure  and  function."  He  does  not  specify  the  nature  of  the  difference : 
he  admits  that  the  neural  spines  have  distinct  centres  of  ossification  in  certain 
animals  ;  and  all  will  allow  that,  in  most  of  the  trunk-vertebree  of  such,  the 
neand  canal  is  closed  by  the  coadapted  ends  of  the  neurapophyses  to  which 
the  spioe  articulates  or  becomes  anchylosed :  that  therefore  such  spine  does  not 
dire«*tly  cover  the  neural  axis,  but,  retaining  the  shape  signified  by  its  name, 
performs  exclusively  the  function  in  relation  to  muscular  attachments.  At 
fint  view  the  contrast  seems  conclusive  against  all  homology  between  such 
mere  intermuscular  spine  and  the  broad  thin  convex  plate  applied  over  the 
cerebellum  and  posterior  cerebral  lobes  in  man.  And  it  must  be  confessed 
that  the  determination  of  their  general  homological  relations  could  not  have 
been  satisfactorily  demonstrated  by  the  mere  relations  of  the  parts  to  the 
laininae  supporting  them,  in  so  limited  a  range  of  comparison.  But,  if  we 
descend  to  the  fish,  we  shall  find  the  supraoccipital  equally  excluded  from 
the  neural  canal  by  the  meeting  of  the  exoccipitals  beneath  its  base ;  we 
shall,  also,  see  it  still  retaining  the  spinous  figure,  indicating  its  function  in 
relation  to  muscular  attachments  to  predominate  over  that  in  subserviency 
to  the  protection  of  the  epencephalon.  If  we  next  ascend  to  the  crocodile, 
we  shall  find  the  neural  spine  of  the  atlas  to  be  one  of  those  examples  alluded 
to  by  Cuvier,  where  the  ossification  proceeds  from  an  independent  centre : 
and  it  not  only  thus  manifests  its  essential  character  as  an  autogenous  ver- 
tebral element,  but  maintains  its  permanent  separation  from  the  neurapo- 
phjses :  and  it  further  indicates  the  modifications  of  form  to  which  the  cor- 
responding elements  will  be  subject  in  the  more  expanded  neural  arches  of 
the  antecedent  cranial  segments  by  having  already  exchanged  its  compressed 
spinous  for  a  depressed  lamellar  form.  Here  indeed  Cuvier  might  not  only 
hsLve  olijeGted  to  recognise  it  as  a  vertebral  spine  by  reason  of  its  change  of 
form  and  function,  but  also  by  its  continuing  a  distinct  bone,  which  is 
Dot  the  case  with  the  expanded  '  spine '  of  the  mammalian  occipital  vertebra. 
Bat  returning  to  the  crocodile,  we  observe  in  the  segment  anterior  to  the  atlas 
that  both  the  form  and  connections  of  the  supraoccipital  (fig.  22,  s)  are 
so  closely  similar  to  those  of  the  neural  spine  of  the  atlas  that  the  recog- 
nition of  their  serial  homology  is  unavoidable;  and  we  have  a  repetition 
of  the  same  characters  of  the  vertebral  element  in  question  in  the  small  and 
undivided  parietal  (t6. 7).  Now  Cuvier  makes  no  difficulty  in  admitting  the 
'  occipital  sup^rieur  '  in  the  crocodile  to  be  the  homologous  bone  with  its 
more  expanded  namesake  in  the  bird ;  or  this  with  the  still  more  expanded 
*  partie  grande  et  mince  de  Toccipital '  in  mammals  and  man :  he  is  also 
disposed  to  admit  the  special  homology  of  the  supraoccipital  under  all 
its  variations  of  form  and  function  in  the  above-cited  air-breathing  animals 
with  the  bone  s  in  fishes,  which  he  sometimes  calls  '  occipital  sup^rieiir,' 
sometimes  interparietal.'  If  then  the  special  homology  be  admitted  on  the 
ground  of  the  constancy  of  the  connections  of  the  part,  with  what  show  of 
reason  can  its  general  homology  be  rejected  which  forms  the  very  basis  or 
condition  of  the  characters  determinative  of  such  admitted  special  homology  ? 
Bat  Cuvier  is  not  consistent  with  himself  in  his  grounds  of  objection  to  the 
essential  nature  of  the  human  supraoccipital  as  the  neural  spine  of  Its  seg- 
ment ;  for  he  does  not  hesitate  to  call  the  atlas  of  the  crocodile  a  vertebra. 
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although  its  *  annular  part '  is  closed  above  by  a  transverse  plate*  instead  of 
by  a  vertical  spine,  of  which,  indeed,  there  remains  hardly  more  vestige  than 
is  presented  by  the  tubercle  or  rudiment  of  the  spinous  process  in  the  supra- 
occipital  of  man.  It  must  also  be  remembered,  that  the  human  supraoccipital 
does  retain  to  a  certain  extent  the  same  function  in  relation  to  the  attach- 
ment of  the  proper  vertebral  muscles  (spienii  capitis^  complexly  and  the  modi- 
fied interspinales  called  ^  recti  cc^pitis  postici  mqj,  etmin?)  as  the  succeeding 
vertebral  spines ;  and  combines  this  with  the  same  place  of  completing,  as 
the  key-stone,  the  neural  arch ;  although  by  reason  of  the  more  voluminously 
developed  segment  of  the  neural  axis  protected  by  that  arch  the  peripheral  ele- 
ment is  chiefly  modified  for  the  acquisition  of  the  required  increase  of  space. 

Cuvier  next  proceeds  to  comment  on  Oken's  endeavour  to  represent  the 
basisphenoid  and  the  two  alisphenoids  with  the  two  parietaLs  as  forming  a  ver- 
tebra :  and  he  admits  that  there  is  some  analogy,  though  this  is  much  more 
feeble  than  the  differences.  "The  basisphenoid,  having  another  function, 
takes  on  a  different  form  from  the  basioccipital,  especially  above,  by  virtue 
of  the  posterior  clinoid  processes :  and  in  the  embryo  it  is  composed  not  of 
a  single  nucleus,  but  of  twof ."  With  respect  to  the  objection  from  the 
modification  of  form  alluded  to,  it  may  be  remarked  that  the  same  element 
in  other  vertebral  segments  of  the  body  undergoes  much  greater  change 
of  shape;  the  centrums  of  the  lower  cervical  vertebree  in  many  birds  send  down 
two  processes  as  well-marked  as  the  ascending  ones  called  '  clinoid  *  in  that 
of  the  parietal- vertebra,  not  to  speak  of  the  '  soc  de  charrue'  of  the  coccy- 
geal vertebrse  of  the  bird,  for  example,  without  any  difRculty  having  been  felt 
or  expressed  by  Cuvier  in  their  recognition  as  modified  vertebral  bodies,  the 
more  essential  characters  of  their  general  homology  being  as  plainly  retained 
as  in  the  case  of  the  basisphenoid  ;  in  its  relation,  e.  g.  to  the  neur- 
apophyses  and  the  support  of  the  mesencephalon.  With  regard  to  the 
objection  from  the  two  centres  of  development,  if  this  be  valid  against  the 
general  homology  of  the  basisphenoid  (e,  fig.  25)  as  a  vertebral  centrum,  it 
equally  tells  against  the  body  of  the  atlas  (c),  which,  as  Cuvier  well  knew, 
was  ossified  sometimes  from  two,  and  sometimes  from  three  ceptres  %•  And 
I  may  further  observe  that,  although  Cuvier  afiirms  the  two  ossific  centres  of 
the  basisphenoid  to  retain  for  a  long  time  between  them  simple  cartilages, 
my  observations  bear  out  the  accuracy  of  the  remark  of  Kerkrmgius,  ^whoae 
figures  Cuvier  cites,)  touching  the  "  dua  ossicula  distincta  "  ^b.  xxxiv.  fig. 
iii.  <?,  e)y  viz.  ^  qusB  celerrime  in  formam  figurse  apposite  K  coales^nt " : 
and  the  figure  of  the  coalesced  rudiments  of  the  basisphenoid  given  by  Kerkrin- 
gius  closely  resembles  the  bilobed  rudiment  of  the  vertebral  centrums  in  the 
sacrum  of  the  chick. 

Cuvier  next  objects  to  the  neurapophysial  character  of  the  alisphenoids, 
that  the  'foramen  ovale'  is  rarely  a  notch,  more  often  a  complete  hole. 

*  "Le$  verUbret.  L'atlas  est  compost  de  six  pieces,  &c. — ^La  premite,  a,  eit  ane  lame 
transvene  qui  fidt  le  dos  de  la  partie  annolaire.  EUe  n'a  qa'ane  crete  iL  peine  tennble  pour 
toute  apophyae  ^ineuse." — Oasemeni  Fossilei,  t.  ▼.  pt.  ii.  p.  95. 

t  En  avant  dn  basilaire  le  trouve  le  corpi  da  sph&oi'de  post^enr,  aux  cdU^  duqoel  ad- 
h^nt  les  deux  ailes  temporalet  on  grandes  ailes.  On  a  aussi  cherch^  2k  repr^enter  ees  trois 
pieces  oomme  f ormant  ane  vertdbre  avec  les  deux  pari^nx.  II  reste  en  cffet  eacon  qnelqiie 
analogie,  mais  beaucoup  plus  faible,  tandis  que  les  differences  deriennent  plus  fortes.  Le 
ooips  dn  sph^noiide  abienl'air  d'une  i^p^tton  da  basilaize,  mais  ayant  one  antra  ibnction  U 
prende  ausai  nne  antre£Dnne,sartont  en  dessus,aa  moyen  des  apc^yses  elinoidaapoet^rieiKea ; 
et  dans  les  premiers  tempa  da  foeins  il  n'est  pas  compost  d'nn  seal  noyaa,  mais  de  deux,  qui 
out  long-temps  entre  eux  de  simples  cartilages."—^  c.  p.  712. 

t  Le^ns  a*Anat.  Compart,  t.  L  (1836)  p.  174.  Meckel  has  figared  the  variety  of  three 
ossific  centres  in  this  element  of  the  human  atlas  in  the  Ist  vol.  of  hit  Arohlt  flhr  die  Phy. 
siologiCf  taf.  vi.  fig.  1. 
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*^  Now»**  he  urgM,  **  vertebrae  properly  80  called  give  pasMige  to  the  nerve«  only 
by  the  intervaU  that  exist  between  them  and  the  other  vertebrae^  and  not  by 
particular  foramina*."  Therefore  the  young  anatomist  must  conclude  that 
the  dorsal  vertebrae  of  the  ox,  the  abdominal  vertebrae  of  the  lophiua,  and 
every  other  segment  of  the  trunk  whose  neural  arches  are  directly  perforated 
by  the  spinal  nerves,  are  to  be  rejected  from  the  vertebral  category  I 

It  has  been  shown  in  the  generalities  on  the  corporal  vertebrae  (p.  265),  thai 
the  neurapophyses  in  relation  to  the  passage  of  their  governing  nerves  may 
be  either  untouched,  notched  or  perforated  by  them,  without  prejudice  to 
their  neurapophysial  character.  Viewed  in  the  entire  series  of  vertebrata 
the  cranial  neurapophyses  are  more  frequently  perforated  than  notched,  those 
of  the  trunk  more  frequently  untouched  or  notched  by  the  nerves  in  passing 
through  their  interspaces. 

The  penetration  and  sagacity  of  Cuvier  nowhere  shine  forth  more  brightly 
than  in  his  bold  and  true  determination  of  the  bone  «,  fig.  5,  in  the  cod-fish  f 
as  the  homologoe  of  the  temporal  wing  of  the  sphenoid  in  the  human  skull. 
To  any  less-gifted  comparative  anatomist  the  relation  would  have  been  masked 
by  the  coalescence  of  the  homologous  part  in  man,  by  its  connections  with  the 
squamosal  and  frontal,  and  its  comparatively  small  proportions  under  the 
guise  of  a  subordinate  process ;  none  of  which  characters  exist  in  the  ali** 
sphenoid  of  fishes ;  it  still  retains,  however,  in  that  class,  as  in  man,  its  most 
essential  connections  in  relation  to  the  bones  of  its  own  s^ment  and  to  the 
brain  and  nerves ;  and  Cuvier  availing  himself  of  these  in  the  determination 
of  its  special  homology,  was  little  likely  to  be  swayed  by  so  unimportant  a 
variety  as  the  transmission  of  the  characteristic  nerve  by  a  foramen  instead 
of  by  a  notch.  No  sooner,  however,  has  the  time  arrived  and  the  call  been 
jouoded  for  an  advance  to  a  higher  generalization,  which  includes  and  ex- 
plains the  minor  proposition,  than  Cuvier  interposes  the  least  important 
difference  of  the  albphenoid  to  check  the  progress.  It  will  be  obvious  to 
the  anatomist  that  the  .foregoing  explanation  of  the  value  of  the  nerve- 
notch  or  hole  in  the  homolc^ool  character  of  a  neurapophysis  has  been 
called  forth  by  the  weight  of  the  name  of  the  objector  rather  than  by  the 
force  of  the  objection. 

Cuvier  directs  his  next  argument  against  the  vertebral  character  of  the 
(neural  arch  of  the)  parietal  segment  generally.  "  Its  composition,"  he  avera, 
**  is  different  from  that  of  other  vertebrae,  since  the  ring  (he  had  just  before 
denied  its  annular  form)  would  be  composed  of  five  pieces  or  even  of  six,  inclu- 
ding the  interparietal."  Yet  Cuvier  does  not  hesitate,  in  his  Article  V.,  ^La  Ver* 

itbrii '  (Ost^logiedes  Crocodiles)  :t*  ^^  reckon  as  the  first  vertebra,  the  atlas 
notwithstanding  its  composition  of  six  pieces. 

Ifyindeed, Cuvier  had  subscribed  to  GeofiVoy's  assertion,  that  **  Nature  repro- 
duces the  same  number  of  elements,  in  the  same  relations,  in  each  vertebra* 
only  she  varies  indefinitely  their  form," — ^his  objection  to  the  vertebral  charac- 
ter of  any  given  segment  that  might  deviate  from  the  assumed  oormal  number 
of  pieces  would  have  been  intelUgible.  But  even,  then,  he  would  not  have 
been  guided  consistently  by  his  own  principle ;  for  the  objection  founded 
apon  the  supposed  abnormal  number  of  pieces  in  a  cranial  segment  weighs 

**'  Set  ailes  different  beaucoup  plus  encore  et  des  deux  condyliens,  et  des  deux  pi^es  qui 
fonneBt  la  ptrtie  snnnlaire  des  Tertibres.  A'  la  v^rit^,  le  trou  ovale  n'est  quelquefois  qu'nne 
Miaaervre  ;  muB  le  plus  souvent  il  est  entour^  d'os,  et  par  cons^uent  nn  yrai  trou.  II  ea 
ert  ds  mimt  du  trou  rood  toutes  les  fois  quHl  est  distinct  dn  spbtoo-orbitaire  j  or  les  vertd- 
bns  propremeat  diies  ne  laissent  passer  les  nerfs  que  par  les  intenralles  qui  existent  entre 
eHei  et  les  aoties  verlebres,  et  non  par  des  trous  particnliers."--^  c.  p.  712. 

t  Repine  Animal,  1817.  pi.  riii.  fig.  8,o,  p.  184. 

t  '^L^atlas  est  compost  de  six  pieces  qui,  i.  ce  qu'il  parott,  demeurent  pendent  tonte  la  vie 
diitiM!l68."-^seniens  Fossiles,  t.  v.  pi.  ii.  p.  95. 

1846.  T 


314  RBPORT — 1846. 

■ 

not  At  all  against  the  recognition  of  a  eorresponding  segment  of  the  tnsnik, 
though  similarlj  composed^ 

In  fact,  throughout  this  attack  upon  the  yertebral  theoir  of  the  sknll,  it 
will  be  seen  that  it  is  based  upon  the  d  prion  assumption  that  all  the  endo- 
skeletal  segments  of  the  trunk,  however  modified,  are  ▼ertebrmi  and  all  thoee 
situated  in  the  head,  are  not  vertebrm.  The  essential  character  of  arertebra 
is  thus  deduced  from  its  position,  not  its  composition*  It  needs  only  to  com- 
pare any  of  Cuvier's  objections  to  the  rertebral  character  of  the  cranial  aeg^ 
ments,  with  the  modifications  of  the  corporal  segments  admitted  by  him  to 
be  vertebrae,  previously  enumerated  in  this  Report  (pp.%4-270),  to  see  that 
the  characters  of  the  cranial  vertebrae  objected  to  by  Cuvier  difier  in  degree  not 
in  kind,  and  become  valid  arguments  against  the  admittance  of  natural  seg- 
ments into  the  vertebral  category,  only  when  they  happen  to  be  situated  at  or 
near  the  commencement  of  the  series. 

It  has  been  abundantly  proved,  I  trust,  that  the  idea  of  a  natural  segment 
(vertebra)  of  the  endoskeleton,  does  not  necessarily  involve  the  presence  of 
a  particular  number  of  pieces,  or  even  a  determinate  and  unchangeable  ar- 
rangement of  them.  The  great  object  of  my  present  labour  has  been  to 
deduce,  by  careful  and  sufficient  observation  of  Nature,  the  relative  ralne 
and  constancy  of  the  diffJerent  vertebral  elements,  and  to  trace  the  kind  and 
extent  of  their  variations  within  the  limits  of  a  plain  and  obvious  maintenance 
of  a  typical  character. 

In  reference  to  the  neural  arch,  the  variation  in  the  number  and  disposition 
of  its  parts,  illustrated  in  the  figures  1,  2,  3, 4,  18, 19,  20,  ^U  do  not  seem  to 
me,  nor  will  they  I  apprehend  to  any  unbiassed  anatomist,  to  obliterate  the 
common  typical  character  of  that  part  of  a  vertebra.  Those  elements  wlHch 
are  furthest  from  the  centrum  are  the  chief  seat  of  the  changes.  If  the  reader- 
will  compare  figure  2  with  figure  19,  he  will  see  for  example  that  the  arown  of 
the  arch  is  formed  by  a  single  bone(r)  in  the  crocodHe,  but  by  two  bones  (r,7) 
in  fish ;  nay,  in  most  fishes  the  halves  are  even  pushed  apart  by  the  interposi- 
tion of  a  third  bone.  Yet  the  sagacity  of  Cuvier  led  him  to  determine  the  di- 
varicated moieties  of  the  divided  parietal  in  such  fishes  to  be  the  same  (homo- 
logous) bone  with  the  single  parieUd  of  the  crocodile.  With  what  consistency, 
then,  can  the  general  homology  of  the  segments  be  njected,  which  suffer  no 
other  change  in  their  composition  than  tluit  resulting  mm  the  sfa^le  or  bifid 
oharacter  of  the  same  bone  in  each  ?  Is  the  singk  frontal  of  the  human 
adult  regarded  as  a  distinct  bone  from  the  bifid  frontal  of  the  fotus?  If, 
therefore,  the  neural  arch  of  the  parietal  vertebra  (mesencephalic  arch)  of 
the  crocodile  be  free  from  the  objection,  raised  by  Cuvier  to  the  vertebral 
character  of  the  homologous  arch  in  man,  on  the  score  of  the  number  of  ita 
elements ;  neither  can  that  objection  be  allowed  to  have  any  fbree  niien  it 
rests  upon  the  mere  division  in  the  human  mesencephalic  arch  of  the  reo<^- 
nised  bomologue  of  the  single  spinous  element  in  the  crocodile. 

In  the  sheep,  the  areh  which  encompasses  the  epencephalon  is  formed  by 
only  three  elements,  the  neural  spine  resting  upon  the  conjoined  upper  enda 
of  the  neurepophyses.  In  the  dog  these  elements  are  divaricated  and  the 
epencephalic  areh  is  closed  above  by  the  neural  spine.  Now  Cuvier  does 
not  allow  this  difierence  of  arrangement  of  the  latter  element  (s)  to  afibctliis 
recognition  of  the  '  suroccipital  *  in  both  mammals ;  and,  there^re,  one  is  at 
a  loss  to  discover  the  consistency  of  the  ideas  which  would  repudiate  the 
general  homology  of  the  bones  or  of  the  entire  arehes  which  they  sonBount, 
because,  as  Cuvier  would  say, "  the  composition  of  the  areh  is  different,  being 
of  three  pieces  in  the  sheep  and  of  four  pieces  in  the  dog.**  Yet  this  is  pre- 
cisely the  kind  of  objection  which  he  has  directed  against  the  mesencephalic 
arch,  viz.  because  it  may  be  composed  of  five  or  even  six  pieces,  in  certain 
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In  the  iuiip  in  iacl^ — by  reason  of  the  parietal  fiarapophysea  (••  s) 
beiBg  subject  to  the  same  variation  in  their  relative  position  to  the  other 
dementa»  which  has  been  illustrated  in  respect  of  the  neural  spine  in  the 
epenoephaiic  ardi  of  the  dog  and  sheep, — the  mesencephalic  arch  is  com- 
posed of  seven  pieces,  or»  including  the  interposed  supraoccipital,  of  not  lesa 
than  eight  boBes.  Yet  even  here  we  clearly  and  easily  trace  the  kind  and 
dcjgne  of  modification  to  which  the  fundamental  plan  of  the  neural  arch 
has  been  subject.  The  archetype  is  nowise  oblitert^ed :  the  general  homo- 
logies of  the  modified  elements  are  not  less  recognisable  than  their  specid. 
hmBologies.  The  centrum  and  nenrapophyses  are  the  steadiest  elements : 
the  qiine  is  not  only  subject  to  great  diversity  of  size  and  shape,  but  to  some 
variety  of  position,  and,  moreover,  to  be  either  single  or  bifid:  the  parapo« 
physes  have  less  range  of  variety  in  point  of  dimensions,  but  may  be  more 
or  less  interposed  between  spine  and  neun^phyaes,  or  may  become  con* 
fiaent  with  either  element.  Thus  the  epencephalic  arch  of  the  crocodile 
(fig.  1 8)  d^ers  essentially,  in  a  Cu vierian  sense,  from  that  of  the  tortoise  or  the 
fish  (fig*  1),  because  it  is  composed  of  four  pieces  in  the  first  and  of  six 
pieces  in  the  latter ;  the  difierence  of  composition  merely  depending,  how* 
ever,  on  the  more  exterior  position  and  oonnation  of  the  parapophyses,  4,  4,  in. 
the  crocodile. 

The  independency  of  the  parietal  and  frontal  bones  is  next  urged  bv 
Cuvier  as  militating  against  the  idea  that  they  complete  a  vertebral  ait^ 
forawd  respectively  by  the  alisphenoids  and  orbitosphenoids  as  the  piers  or 
haunches :  and  the  more  so,  inasmuch  as  they  are  separated  from  those  bones 
in  some  animab  by  the  iutercalatiDn  of  the  squamosals*.  By  parity  of  reason 
we  must  r^ect  the  general  homology  of  the  neural  arch  and  spine  of  the 
atlas  in  the  JEj^^i^apug  and  some  other  fishes,  because  that  part  of  the  verte- 
bca  is  not  only  distinct,  but  uplifted  and  removed  from  the  piers  or  base  of 
the  arch  by  the  intercaJatioD  of  the  articular  processes  of  the  neural  arches 
of  the  occiput  and  axis.  According  to  Cuvier  such  separated  atlantal  arch 
most  be  regarded  as  a  new  bone,  and  the  centrum  ought  therefore  equally, 
to  be  view^  as  *  une  piece  particulidre  qui  a  une  destination  particulidre  : 
but  the  general  homology  of  vertebral  elements  may  be  determined  not  only 
by  their  relations  to  their  own  segment,  but  by  those  which  they  maintain 
with  their  less  modified  homotypes  in  contiguous  segments. 

The  centrum  of  the  atkis  in  the  Ephipput  directly  sustains  other  neur- 
apophyaea  than  its  own,  and  so  far  has  a  new  or  particular  fVincti<Mi ;  but, 
since  it  continues  to  unite  the  centrum  of  the  axis  with  that  of  the  occiput, 
we  still  regard  it  as  their  homotype,  and  as  standing  in  the  relation  of  the 
ceotfiim  to  its  uplifted  and  shifted  nenrapophyses.  So,  likewise,  although 
these  elements  now  aid  in  strengthening  the  joint  between  the  zygapophyses 
of  the  neural  arches  of  the  occiput  and  axis,  and  thus  perform  a  new  and 
very  peculiar  function,  their  relation  to  these  and  other  neural  arches  in  the 
aeries  of  vertebras  renders  it  impossible  to  overlook  the  serial  homology  of 
the  separated  '  laminsB '  of  the  atlas  and  that  of  its  spine  with  the  other  and 
larger  vertebral  laminae  and  spines. 

*  ^*  DsBS  toui  les  CSS,  on  ne  pmimit  regsrdsr  oette  vert^bre  eomme  annuliire,  ni  supposer 
que  les  psn^tsox  en  fonnent  le  complement ;  d'une  part,  ce  senit  une  oompoaition  differente 
oe  oelle  des  sutret  vertebres,  puisque  rannesu  serait  form^  de  cinque  pi^s  et  meme  de 
siz,  en  cotnptant  I'inter-pari^tal ;  ae  I'sutre,  il  arrive  dans  pluaieun  animaux  que  let  ailet 
tcnporales  da  ipb^noide  n'atteig:nent  pat  an  parietal,  parceqne  le  temporal  va  toucbor  au 
deawM  dPcflca,  aoit  an  ffontal  toit  an  sph^noide  ant^enr.  Ainai  lea  pari^tauz  tone  dea 
pitoea  ind^peadsatea  du  apb^noi'de  poaterieur,  des  pieces  particuliires  qui  ont  une  desti* 
nation  partieoliere,  celle  de  senrir  de  boucUer  k  la  partie  moyenne  et  post^eure  des  h Jmi- 
spb^rea,  tout  oomme  les  grandes  afles  ont  celle  de  servir  de  support  aux  lobes  moyens  dans 
lea^Bels  ees  h^miapb^res  se  terminent  vers  le  bas." — t  e.  p.  713. 
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The  new  functions  which  the  uplifted  and  independent  spines  of  the  pari- 
etal and  frontal  vertebrae  perform  in  man  and  many  mammals  are,  with 
respect  to  the  parietal  bones,  to  shield  the  upper  surface  of  the  middle  and 
posterior  parts  of  the  cerebral  hemispheres,  whilst  the  frontal  is  confined  to 
covering  the  anterior  lobes  of  the  same  hemispheres. 

Hereupon  it  may  be  asked  whether  such  relations  and  offices  are  the  rule 
or  only  the  exception ;  and,  if  the  latter,  whether  it  occurs  in  the  lowest  or 
the  highest  of  the  vertebrate  series  ;  whether  in  that  class  where  the  arche- 
typal arrangement  of  parts  is  most,  or  in  that  in  which  it  is  least  departed 
from  ?  All  these  considerations  are  felt  to  be  indispensable  by  the  homo- 
logist  in  quest  of  the  true  signification  of  the  parts  of  the  animal  frame, 
before  drawing  his  conclusions  from  the  first  modification  that  may  present 
itself.  They  are  neglected  by  Cuvier  in  the  objection  to  the  vertebral  cha- 
racter of  Oken*s  *kiefer-wirbel,'  founded  upon  the  relations  which  the  parietal 
bones  present  to  the  encephalon  in  the  mammalian  class.  Yet  the  more 
normal  relations  of  those  bones,  both  to  the  encephalon  and  to  the  alisphe- 
noids,  seem  to  have  been  present  to  the  mind  of  Cuvier,  and  to  have  been 
duly  appreciated  by  him  when  he  defined,  in  1817,  the  second  cranial  cinc- 
ture as  constituted  by  the  parietals  and  sphenoid*. 

With  regard  then  to  the  first  of  Cuvier's  arguments  for  viewing  the  human 
and  mammalian  parietals  as  *  des  pieces  particulieres  qui  ont  une  destination 
particuli^re,'  viz.  that  they  are  separated  from  the  alisphenoids  by  the  tem- 
poral bones.  If  we  commence  our  consideration  of  it  by  the  question,  whether 
this  separation  be  the  rule  or  the  exception,  the  reply  which  Nature  sanc- 
tions will  be  that  they  are  not  so  separated  in  any  of  the  three  great  classes  of 
oviparous  vertebrata,  nor  in  the  majority  of  mammalia,  nor  even,  as  a  general 
rule,  in  man  himself.  With  regard  to  the  second  objection  founded  on  the 
interposition  of  the  enormously  and  backwardly  developed  prosencephalon 
between  the  mesencephalic  spines  (fig.  25,  r)  and  the  mesencephalic  segment 
of  the  brain,  to  which  the  parietal  vertebra  essentially  relates, — its  value  will 
depend  on  the  choice  made  by  the  homologist  between  the  function  of  the 
parietals  as  immediate  shields  to  the  optic  lobes  (mesencephalon)  in  the  cold- 
blooded classes,  and  their  function  as  mediate  ones  through  the  interposed 
mass  of  the  prosencephalon  in  the  warm-blooded  classes,  as  that  which  best 
manifests  adhesion  to  the  ideal  archetype.  What  to  me  has  ever  appeared  one 
of  the  most  beautiful  and  marvellous  instances  of  the  harmony  and  simplicity 
of  means  by  which  the  One  great  Cause  of  all  organization  has  eflbcted  every 
requisite  arrangement  under  every  variety  of  development,  is  the  fact,  thi^ 
the  protection  of  the  enormous  cerebrum  peculiar  to  the  higher  mammals 
has  not  been  provided  for  by  new  bones :  by  bones,  e,  g,  developed  from 
centres  so  numerous  or  so  situated  as  to  render  any  determination  of  their 
homologies  as  vague  and  unsatisfactory  as  would  result  from  the  attempt  to 
determine  those  of  the  dermal  ossifications  upon  the  head  of  the  sturgeon,  in 
reference  to  the  endoskeletal  epicranial  bones  in  fishes  and  reptiles.  We 
might  well  have  expected,  had  conformity  to  type  not  been  a  recognizable 
principle  in  the  scheme  of  organized  beings,  to  have  had  so  many  *  particular 
bony  pieces '  and  so  situated  in  the  expanded  human  cranium  as  would  have 
baffled  all  our  endeavoura  to  reduce  them  to  the  type  of  the  epicranial  bonea 
of  the  reptile  or  fish.  Yet  the  researches  of  the  great  comparative  anatomists 
of  the  present  century,  and  more  especially  those  of  Cuvier  himself,  have 
proved  that  there  is  no  such  difficulty :  and  a  glance  at  the  Table  of  Special 
Homologies,  No.  1,  will  show  that  the  bones  (3,  r,  11)  most  modified  in  rela.- 
Uon  to  Uie  expanded  cerebrum  and  cerebellum  of  man  and  mammals  are 

*  R^e  Animfti,  i.  p.  73. 
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piedaely  those  of  which  the  determioation  has  been  easiest,  and  respecting 
the  names  and  nature  of  which  there  has  been  the  least  discrepancy  of  opt- 
nioa.  It  is  with  pain  and  a  reluctance,  which  only  the  cause  of  truth  has 
overcomey  that  I  am  compelled  to  notice  the  inconsistencies  into  which  the 
great  Cuvier  fell,  when  his  judgement  became  warped  by  prejudices  against 
a  tlieory,  extravagantly  and,  perhaps,  irritatingly,  contended  for  by  a  con« 
temporary  and  rival  anatomist  After  having  established  by  the  clearest 
evidence  and  soundest  reasoning  in  fab  great  and  immortal  works  that  the 
bones  (7)  in  the  fish  (figs.  2  and  5)  and  reptiles  (figp.  9,  10,  13, 19,  22)  were 
hom<4ogous  with  those  in  birds  (r,  figs.  8  and  23),  mammals  (7,  figs.  1 2  and 
24),  and  even  in  man  (7,  figs.  1 1  and  25) ;  and,  after  contending  that  they 
ought  to  bear  the  same  name — under  which,  indeed,  we  find  him  describing 
them  in  the '  Lemons  d'Anatomie  Compar^e  *  from  man  down  to  the  fish-*- 
Cuvier  comes  at  last  to  declare  that,  in  those  animals  in  which  they  are 
separated  from  the  alisphenoids  and  mesencephalon,  they  are  ^'particular 
pieces  which  have  a  particular  destination  I" 

The  relation  of  the  mastoids  (s,  s),  as  parapophyses,  to  the  parietal  or 
sphenoidal  vertebra  not  having  been  detected  in  Cuvier*s  time,  he  suppoites 
that  the  pterygoids,  in  the  system  which  makes  a  vertebra  of  the  sphenoid, 
can  be  compared  to  nothing  else  than  the  transverse  processes  of  such.  As, 
according  to  my  views,  they  are  recognizable  in  General  Homology  as  quite 
distinct  elements  of  another  cranial  vertebra,  the  arguments  which  Cuvier 
advaoces  in  disproof  of  what  he  thought  they  must  be  called,  do  not  concern 
the  subject  of  the  present  Report.  The  inferior  exogenous  processes,  in- 
deed, oi  the  basisphenoid  in  mammals  are  not  unlike  those  developed  from 
the  under  surface  of  the  centrum  of  the  atlas  in  SudU  gigas^  or  from  some 
of  the  cervical  centrums  in  birds.  The  argument  founded  by  Cuvier  on  the 
autogenous  development  of  the  true  pterygoid  (figs.  24  and  25, 14)  would 
weigh  litde  against  its  parapophysial  nature,  if  other  characters  concurred 
to  prove  it  a  '  parapophysis;'  but  its  connections  and  position  show  it  to  be 
a  *  diverging  appendage. 

With  respect  to  the  anterior  sphenoid,  Cuvier  affirms  that  its  composidon 
is  totally  different  from  that  of  the  posterior  sphenoid  and  occipital,  and  from 
that  of  any  vertebra.  By  the  term  <  sph^noide  ant^rieure '  is  meant  the 
coalesced  presphenoid  and  orbitosphenoids  (figs.  24  and  25, 0  and  10) ;  and  the 
two  bones  referred  to  in  the  comparison  signify,  the  one,  the  basi-  and  ali- 
sphenoids (•&•  i  and  «),  and  the  other  the  basi-  and  ex-occipitals  {ib.  1  and  s). 
With  respect  to  0  and  10,  Cuvier  remarks  that  it  is  never,  in  mammals,  formed 
of  three  pieces,  but  only  of  two  ;  and  that  these  are  properly  the  bony  rings 
for  the  optic  nerves,  which  in  course  of  time  approximate  and  coalesce  with 
each  other :  but  so  long  as  the  median  suture  divides  them,  no  distinct  or 
third  bony  nucleus  is  developed  in  the  intervening  cartilage'*'. 

Since,  however,  we  see  that  the  homologues  (recognised  as  such  by  Cuvier) 
of  the  orbitosphenoids  are  something  more  than  rings  surrounding  the  optic 
nerves  in  the  bird  (figs.  8  and  23,  10}  and  crocodile  (figs.  9  and  22,  s) — that 
they  are  merely  notched  by  the  optic  nerves,  and  are  chiefly  developed  in 

•  **  L'on  a  voolu  anssi  consider  le  tph^noide  ant^eor  comme  one  vert^bre  dont  lei 
frontaox  compl^teraient  la  partte  annulaire,  et  ou  la  position  du  tron  iph^no-orbitaire  entre 
lea  deaz  aph^noides  repon^it  assez  aox  trous  inter- yert^rauz  ordinaires.  Mais  la  compo- 
sitioB  da  sph^noide  ant^rieor  lui-mdme  est  toute  diffi^rente  de  celle  des  deux  os,  dont  nous 
avons  Darle  avant  Ini,  et  de  celle  d'aucune  vert^bre.  II  n'est  jamais,  dans  les  mammif^rei, 
forme  de  trois  pitos,  mais  seulement  de  deux ;  ce  sont  proprement  des  anneaux  osseux  pour 
lea  neifs  optiques,  qui  par  sui|e  du  temps  se  rapprochent  et  se  soudent  entre  eux ;  la  suture 
eat  toigows  aa  mitiea,  et  tant'  que  Tossification  n'est  pas  complete,  il  n'y  a  entre  les  deux 
aancaax  que  da  cartilage,  dans  lequel  il  ne  se  forme  pas  de  troisieme  noyau.** — /.  c.  p.  714. 
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neurapophysial  relation  to  the  sides  of  the  proseDcephalon, — ^we  are  led  to 
cany  our  inquiries  into  an  earlier  period  of  their  deFelopmeDt  than  that  ad- 
dnoed  by  Cnyier,  as  contravening  their  vertebral  charaeten.  Cnvier  cites 
the  figure  %  in  pi.  zzxv.  of  the  '  Osteogenia  Fcetunm'  of  Kerkringim,  as  evi- 
dence of  his  statement  of  the  developmental  characters  of  the  *  ^h^oide 
ant^rieur."  That  figure^  however,  exhibits  the  condition  of  the  bone,  when, 
although  the  median  suture  remains,  each  orbital  ala  has  become  ancfayiosed 
with  the  posterior  sphenoid,  and  b  likewise  directly  perforated  by  the  optic 
nerve.  The  gelatinous  cells  of  the  anterior  extremity  of  the  notochord  very 
early  retrograde  to  the  basioccipital  region  of  the  basis  cranii,  and  the  noto- 
chordal  capsule  alone  is  continued  to  the  imterior  extremity  of  the  faasas. 
This  is  converted  into  cartilage, 

and  the  osseous  particles  which  Fig.  26. 

ultimately  constitute  the  anterior 
sphenoid  are  deposited  as  follows : 
first  a  centre  or  nucleus  appears, 
in  each  orbital  ah,  external  to  the 
hole  by  which  the  optic  nerve 
passes  through  the  primitive  carti- 
lage (fig.  26,  A,  lo) ;  soon  after  a 
second  nucleus  (id.  B,  lo)  is  esta- 
blished at  the  inner  or  mesial  side 
of  each  optic  foramen :  these  cen- 
tres fornpi  the  foundation  of  the 
neurapophyses  or  orbitosphenoids, 
and  ultimately  coalesce  around  the 
optic  nerve,  as  Kerkringius  has 
depicted.  But  a  third  pair  of  ossi- 
fic  centres  (tft.  C,  q)  is  established 
behind  the  optic  foramina  between 
these  and  the  basisphenoid  (s). 
This  third  pair  unite  together  into 
a  single  transverse  bar  (t&,  D,  o), 

before  coalescing  with  the  orbitosphenoids  in  fkt>nt,  or  with  the  Insispbeiioid 
behind,  and  that  bar  transitorily  represents  the  centrum  of  the  frontal  vertebra. 
To  the  objection  that  such  supposed  centrum  is  developed  from  two  potnts 
instead  of  one,  the  same  reply  may  be  made  that  was  made  before  to  a  similar 
objection  raised  by  Cuvier  against  the  general  homology  of  the  basisphenoid ; 
which  objection,  as  was  then  shown,  would  be  equallv  valid  against  the  uni- 
versally admitted  homology  of  the  body  or  centrum  of  the  atliu. 

The  frontal  neurapophyses  manifest  in  their  development,  each  from  two 
centres  (fig.  26,  B,  C,  lo),  a  transitory  mark  of  vegetative  repetition  analogoos 
to  that  which  permanently  characterizes  the  neurapophyses  of  the  trunk- verte- 
brae in  the  sturgeon. 

Thus  the  evidence  of  development,  when  complete,  tells  for,  rather  than 
against  the  serial  homology  of  the  <  sph^noide  ant^rieur '  of  Cuvier  with  the 
centrum  and  the  neurapophyses  of  other  vertebrae ;  and  the  more  obvious 
and  important  characters  of  relative  position  to  the  other  bones  of  their  own 
segment,  and  to  their  homotypes  in  the  contiguous  segments,  as  well  aa  to 
prosencephalic  segment  and  characteristic  nerves, — ^which  characters  have 
wrved  to  determine  the  special  homologies  of  the  coalesced  bones  in  ques- 
tion (o,  io)  from  man  down  to  the  fish, — concur  with  the  developmental 
characters  in  establishing  their  general  homology  as  centrum  and  neur- 
apophyses. 
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.  CuTier  afflnoBy  however,  in  sapport  of  his  argumenty  that,  although  the 
orbitOBphenoidfl  are  never  aeparated  from  the  frootals,  as  the  alisphenoids  are 
from  the  parietals,  in  the  mamnialia,  they  are  alnioitt  always  separated  fix>m 
the  frontals  in  the  other  classes,  so  that  the  vertebral  ring  b  again  inter- 
rupted *•  But,  were  even  the  frontals  commonly  uplifted  above  the  orbito- 
sphenoids  in  birds,  reptiles  and  fishes,  which  does  not  accord  with  my  ez« 
perience,  the  objection,  on  that  score,  to  regarding  them  as  '  neural  spines/ 
would  as  little  apply,  as  it  does  to  the  universally  recognised  general  bomologv 
of  tlie  separated  and  uplifted  neural  arch  of  the  first  vertebra  of  the  trunk 
of  the  JSphipput  and  some  other  fishes. 

Cuvier  finally  regards  the  connection  of  the  frontals  with  the  prefrontalsi 
which  he  calls  *  ethimoid '  in  mammals, '  l*ench&Mement  de  I'ethmolde,'  as  a 
function  quite  remote  from  any  of  a  vertebral  character,  ^'  relative  i,  toute 
autre  chose."  This  objection  only  shows  the  necessity  of  a  right  apprecia* 
tioB  of  special  homologies,  in  order  to  form  a  true  judgement  respecting 
general  hoqiology ;  aud,  with  respect  to  the  *  ethmoTde,'  I  must  refer  to  the 
sectioii  on  the  prefrontals  in  the  chapter  on  '  Special  Homology  (p.  214).  If 
the  aiguments  there  adduced  be  held  to  prove  the  crista  galli  and  cribriform 
plate  in  the  human  skull  to  be  the  homologues  of  portions  of  the  coalesced 
prefrontals  and  olfactory  capsules,  we  mav  next  remark  that  these  portions 
are  not  merely  wedged  between  the  orbital  plates  of  the  frontal,  but  articu* 
late  behind  by  a  persistent  suture  with  the  orbitosphenoids.  As  neurapo- 
physes,  the  coalesced  prefrontals  of  the  terminal  vertebra  of  the  skull  thus 
articulate  with  their  next  succeeding  homotypes ;  and,  by  virtue  of  the  ex* 
oessive  development  of  the  spine  of  the  frontal  vertebra,  as  well  as  from  their 
being  contracted  and  drawn  backward  in  the  human  skull,  they  articulate 
with  such  spine  ^the  frontal)  as  well  as  with  that  of  their  own  proper  seg* 
meot  (the  nasals).  But,  in  the  crocodile  (fig.  9),  we  have  seen  a  similar 
relation  manifested  not  only  by  the  more  normal  neurapophyses  (u)  of  the 
nasal  vertebra,  but  likewise  by  those  (lo)  of  the  frontal,  those  (a)  of  the 
parietal,  and  those  .(s)  of  the  occipital  vertebra* 

All  the  obiections  raised  by  Cuvier  to  the  general  homology  of  the  cranial 
bones  as  modified  vertebral  elements,  equally  apply  to  elements  of  vertebi^as 
in  the  trunk,  which  Cuvier  himself  has  admitted  to  be  vertebne,  notwith- 
standing such  modifications.  The  repetition  of  the  perforated  character  of 
the  hunoan  alisphenoid  and  orbitosphenoid  in  the  neurapophyses  of  the  trunk- 
vertebrae  of  many  inferior  animals,  requires  only  a  passing  notice.  The 
flattening,  expansion  and  sutural  union  of  the  human  supraoccipital,  parietal 
and  firontsl  bones,  are  matched  by  the  neural  spines  in  the  carapace  of  the 
tortoise.  If  the  basioccipital,  basisphenoid  and  presphenoid  are  broad  and  flat, 
instead  of  cylindrical,  so  likewise  are  the  bodies  of  the  sacral  vertebrsB  in  the 
broad-bodied  megatherioids  and  in  many  birds.  If  the  basioccipital  and 
baaisphenoid  are  lengthened  out  and  firmly  united  together  by  deeply  in- 
dented sutural  surfaces  in  most  fishes,  so  likewise  are  the  bodies  of  the  four 
anterior  vertebras  of  the  trunk  in  the  pipe-fish  {Fiatularid).  If  the  basi- 
sphenoid and  presphenoid  be  developed  each  from  two  ossific  centres,  as  in 
mxOf  so  likewise  may  the  body  of  the  human  atlas  be  ossified ;  and  even  should 
the  moieties  of  that  centrum  not  coalesce  at  the  median  plane,  they  would 

*  ''Ce  qpw  j'ai  dit  dct  psritenz  s'sppliqne  wool  frontanz,  coniid^i^  eomme  complements  do 
■piifnoidc  ant^ricor ;  leur  fonclion  est  reUitite  k  toute  autre  choae,  i  U  protection  des  lobea 
cnt^eun  du  cerreau  et  k  rench&ssement  de  rethmoide ;  et  quoique  le  Bph^noide  ant^rieor 
n'en  wdi/t  jamais  s^par^  dans  les  mammif^res  comme  le  post^rieur  Test  souTeat  des  pariteux, 
3  Test  ittesqne  toigottrs  dans  les  autres  classes,  en  sorte  qu'alors  Tanneaa  vertebral  sen^ 

/'-^.c.p.7U. 
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nevertheless  still  retain  their  essential  characters  as  diymonn  of  asingle  verw 
tebral  element:  just  as  does  the  vomer  in  the  salamanders^  salamandroid 
fishes  and  serpents^  which  begins  to  be  developed  from  two  lateral-  points, 
like  the  body  of  the  human  atlas  occasionally,  without  the  development  end* 
ing,  as  it  always  does  in  such  atlas,  by  confluence  of  the  resulting  halves.  It 
would  be  more  reasonable  to  repudiate  the  general  homology  of  the  body  of 
a  whale's  dorsal  vertebra  with  the  centrum  of  the  typical  vertebra*  beeaiwe 
it  consists  of  three  pieces  set  end  to  end,  than  to  deny  the  general  homology 
of  the  vomer  because  it  may  consist  of  two  pieces  set  side  by  aide,  or  that 
of  the  anterior  trunk- vertebrae  of  the  silurus  because  they  consisi  of  two 
pieces  set  one  upon  the  other.  These  are  examples  of  a  principle  of  varia- 
tion which  Cuvier  never  permitted  to  blind  his  perception  of  the  special  ho- 
mology of  certain  bones,  the  mandibular  ramus,  for  example ;  though  vege* 
tative  or  teleological  subdivision  is  carried  out  to  a  much  greater  extreme 
there  than  in  any  vertebral  centrum ;  unless,  indeed,  the  number  of  poiDts 
from  which  the  whale's  vomer  be  ossified  may  equal  those  in  the  ^crocodile's 
lower  jaw.  But  if  the  differences  in  this  developmental  character,  vix.  of  ossi* 
fication  from  a  single  ossific  point  as  in  the  vomer  of  the  eod,  or  from  two 
points  as  in  that  of  the  lepidosteus,  or  from  three  or  more  points  as  in  the 
human  vomer,  interpose  no  obstacle  to  the  determination  of  the  special  homo- 
logy of  the  bone  is  frbm  man  to  fish,  it  can  as  little  avail  as  an  argument 
i^ainst  its  general  homology,  which  is  determined  not  by  the  development  of 
the  vomer  but  by  its  relations  to  the  other  constituents  of  the  segment  of  the 
skeleton  to  which  it  naturally  belongs. 

The  great  difficulty  which  the  anthropotomist  may  naturally  experience  in 
forming  an  idea  of  the  vomer  as  the  body  of  a  vertebra,  will  arise  from  its 
extremely  modified  form  in  the  human  subject:  but  he  must  bear  la  mind 
that  it  is  an  extreme  part,  the  last  of  its  series  counted  forwards ;  and  if  he 
should  desire  some  higher  and  better  established  authority  than  the  present 
Report  before  yielding  assent  to  the  vertebral  character  of  the  bone^  under 
its  characteristic  *  ploughshare '  mask  in  man,  I  know  no  name  more  ioflueii* 
tial  than  that  of  Cuvier  himself,  in  regard  to  the  equally  and  similarly  modi- 
fied centrum  at  the  opposite  end  of  the  vertebral  series  in  the  bird*  For 
although  the  mask  of  coalescence  is  superadded  to  that  of  stmngeneas  of 
shape  in  the  bone  which  Cuvier  there  compares  to  a  ploughshare  [vomer,  or 
'soc  de  charrue'],  the  great  anatomist  and  cautious  generalizer  does  not  hesi- 
tate to  affirm  that  it  is  "  composed  of  many  vertebrae  '*  (see  cnife,  p.  969). 

It  may,  perhaps,  be  said  that  the  coccygeal  vomer  must  be  vertebral  to  its 
nature  because  it  is  situated  in  the  tail ;  but  the  *  petitio  principii  *  in  this 
argument  will  be  transparent,  if  we  transpose  the  locality,  and  say  that  'the 
cranial  vomer  must  be  vertebral  in  its  nature  because  it  is  placed  in  the 
head.'  For  what  are  '  head,'  *  tail,' '  thorax,'  or  '  pelvis,'  but  so  many  di- 
versely modified  portions  of  a  great  segmental  whole  ?  These  localities  do  not 
determine  the  nature  of  the  segments  composing  them  ;  such  knowledge  can 
only  be  acquired  by  a  study  of  the  composition  of  the  segments ;  and  it  la  tlie 
modifications  of  the  segments  that  determine  the  nature  of  the  localities  or 
divisions  of  the  endoskeleton,  to  which  such  special  names  as  '  head,'  ^  tho- 
rax,* &c  are  applied. 

Yet  Cuvier  himself,  perhaps,  little  suspected  how  much  his  ideas  of  the 
essential  nature  of  a  segment  of  the  endoskeleton  were  governed  by  the  part 
of  the  body  in  which  it  happened  to  be  placed.  Whenever  the  young  ana- 
tomist finds  a  difficulty  from  the  peculiar  form  or  development,  division 
or  coalescence,  of  a  cranial  bone,  in  recognising  or  admitting  its  viertebrai. 
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fAmmctBTf  kt  him  compare  the  malto  of  his  own  observations  with  those 
Mimmed  op  in  p{i*  964-266,  and  see  whether  the  same  kind  of  modification 
may  not  be  repeated  in  the  homologous  element  of  a  vertebra  of  the  trunk 
in  one  or  other  of  the  species  of  vertebrate  animals. 

The  latest  direct  objection  to  the  cranio-vertebral  system  is  from  the  pen 
of  the  celebrated  iehthyotomist  of  NeuchateL  M.  Agassiz  represents  the 
4nimBt  ideas  respecting  this  system  at  the  period  when  he  published  his 
oli^ecticHM  to  ity  in  the  following  graphic  passage  of  his  invaluable  and 
sptendid  work:^^'*  It  was  M.  Oken  who  had  printed  the  fimt  programme  on 
tbe  signification  of  the  bones  of  the  skull.  The  new  doctrine  which  he  set  forth 
was  received  with  extreme  enthusiasm  in  Germany  by  the  school  of  physio- 
pfetlosophers  [Natur^phiiosopher].  The  author  at  that  time  required  three 
cfaEoial  vertebrae,  and  the  basioccipital,  the  sphenoid  and  the  ethmoid  were 
viewed^  as  the  central  parts  of  these  cranial  vertebrae.  Upon  these  pretended 
bodies  of  rertebrce  were  raised  the  arches  enveloping  the  central  parts  of  the 
nervous  SjTstem  (our.^  protective  plates*) ;  whilst  to  the  opposite  side  were  at- 
taehed  the  inferior  pieces  which  should  form  the  vegetative  arch  destined  to 
the  intestinal  canal  and  the  great  vessel  (the  <  facial  arches '  of  which 
•hidl  presently  speak).  It  would  be  tedious  to  enumerate  here  the  changes 
which  each  author  has  rung  upon  this  theme  in  modifying  it  agreeably  with 
his  notions.  These  contented  themselves  with  the  number  admitted  by  Oken| 
those  raised  the  number  of  cranial  vertebrae  to  four,  six,  seven,  or  even  more : 
some  saw  nothing  but  ribs  in  the  branchial  arches  and  jaws ;  others  took  the 
latter  for  limbs  of  the  head,  analogous  to  arms  and  legs.  If  they  could  not 
agree  about  the  number  of  the  vertebrse,  still  less  were  they  at  one  in  regard 
to  the  part  assigned  to  each  bone.  The  most  bizarre  nomenclatures  have 
beeo  proposed  by  dtfi^erent  authors  who  thus  sought  to  generalize  their 
Some  have  gone  so  far  as  to  pretend  that  the  vertebrse  of  the  head 
as  complete  as  the  vertebrae  of  the  trunk,  and  by  means  of  dismember- 
ments, with  divers  separations  and  combinations  they  have  reduced  all  the 
farms  of  skull  to  vertebrae,  assuming  that  the  number  of  pieces  was  in- 
variaUe  for  every  form  of  skull,  and  that  all  vertebrate  animals,  whatever 
their  definitive  organization,  bore,  in  their  respective  crania,  the  same  number 
of  points  of  ossification  *•" 

And  thus  it  is  that  a  great  truth  in  nature  has  been  endeavoured,  and 

*  "  Cert  M.  Oken  qui  fit  imprimer  le  premier  progrtmme  snr  la  tignificatloii  det  ot  da 
crSae.  La  ncmvsUe  doctrine  qu'U  ezpoiait  fut  tocneillie  en  AUemigne  avec  an  enthonsiatma 
extreme  par  T^le  des  philosopbes  de  U  nature.  L'auteur  poatukit  alon  trois  veit^lnnet 
dn  crine,  et  I'ocdpital  builaire,  le  sph^noide  et  Tethmoide  ^taient  enyisag^  oomme  let 
parties  eentral^  de  ces  Tertebres  craniennes.  Sur  ces  pr^tendus  corpi  de  vertebres  I'elevaient 
des  araiv  eofetoppant  lee  parties  centrales  du  systime  nerveax  (nos  plaques  protectrices) ; 
taadia  ^ya  du  cot6  oppose  ^taient  attach^  des  pieces  infi^rieures  qui  de?aient  former  Tare 
T^tatif  destin^  k  embrasser  le  canal  intestinal  et  les  gros  vaisseaux  (les  arcs  de  la  face  dont 
noos  traiterons  plus  tard).  II  serait  trop  long  d'^numerer  ici  les  changements  que  cbaqoa 
anteor  apporta  It  ce  tniTau  en  le  modlfiant  a  sa  maniere.  Les  uns  se  contenterent  du  nombre 
adaua  par  Oken,  les  autres  ^erirent  le  nombre  des  vertebres  craniennes  jusqu'ik  quatre,  six, 
sept  ci  aaSnie  phis ;  les  mis  vonhuent  voir  des  cdtes  dans  les  arcs  brancbiaux  et  les  mfichoiies ; 
les  aatres  prirent  ces  derniii^  poor  des  membres  de  la  t^te,  analovaes  anx  bras  et  anx 
jambo.  Si  I'on  n'^tait  pas  d'acoord  sur  le  nombre  des  vertebres  on  Tetait  encore  moins  snr 
le  rdle  qn'on  assignait  k  cheque  os.  Les  nomenclatures  les  plus  bizarres  ont  6i6  proposte 
par  les  difnSrens  auteurs,  qui  cbercbaient  ainsi  k  gen^raliser  leurs  id^.  On  alU  jnsqa'k 
pvteadn  qoe  les  vertebres  de  la  tdte  ^taient  anssi  completes  que  les  vertebres  du  tronc,  et 
aa  moyen  ae  d^merabremeos,  de  separations  et  de  combinaisons  diverses,  on  ramena  toutes 
lea  formes  dn  ctftne  k  des  vertebres,  en  admettant  que  le  nombre  des  pieces  etait  invariable- 
ment  fix^  poor  tonies  les  t^tes ;  et  que  tons  les  tert^r^,  quelle  que  soit  d'ailleurs  leur 
ortantsation  d^ftnitiTe,  portaient  dans  lemr  tSte  le  meme  nombre  de  points  d'ossiflcatioas.*' 
— Recherches  sur  les  Poissons  Fossilas,  U  i.  (1843),  p.  125. 
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too  successfuOy  in  regard  to  the  riMog  generation  of  anatomiflte,  to  be 
obscured.  Ideas  and  statements  are  misquoted,  unintenttonailj,  doubdea^ 
and  through  neglect  of  reference  to  the  original  work  (as  in  the  citation  of 
the  bones  representing  the  bodies  of  the  cranial  vertebrn  in  the  Okeniaa 
theory):  or  they  are  mi8undenitcK>d  Xas  where  the  arches,  neurapophyaes  or 
<  bogentheile*'  composed  as  Oken  truly  said  by  the  alisphenoids  aad  orbito- 
s[Aenoids  are  held  to  be  synonymous  with  the  '  plaques  protectrices '  of  Itf. 
Vogt) :  the  most  extreme  and  least  defensible  views  are  selected  out  of  each 
tentative  step  in  the  inquiry,  and  are  clubbed  together  to  represent  the 
general  result,  which  is  of  course  dismissed  with  as  sweeping  a  oondemiiatkin. 
The  specific  objections  raised  by  Cuvier  are  deemed  well-founded  and  an.> 
assailable ;  and  to  these  M.  Agassis  adds  the  following.  Premiaiiig  that, 
**  the  formation  of  vertebre  presupposes  as  a  first  eonditioB  the  eustenee 
of  a  notochord*^"  and,  arguing  upon  this  basia,  and  on  the  aasomptioa 
that  the  cephalic  extension  of  the  *  chorda  dorsalis'  as  it  is  permaneDtly 
manifested  in  the  Bromckiastoma  is  not  so  great  in  the  embryos  of  other  and 
higher  fishes,  but  is  arrested  at  the  region  of  the  aluphenoid  from  the  com- 
mencement of  its  development,  M.  Agassis  concludes: — ^Now,  the  cpplicatioii 
of  this  principle  to  the  composition  of  the  skuU  demonstrates  at  onee  that  there 
exists  (nU  one  cranial  f>eriebray  the  ocdpUal  veriebra,  and  that  the  rest  of 
the  skull  is  foreign  to  the  vertebral  systemf  •" 

At  the  period  of  development  described  and  figured  by  M.  Vogt  in  the  em« 
bryo  of  the  Care^omuy  which  period  M.  Agassis  conceives  to  represent  tiievoy 
earliest  condition  of  the  anterior  extremity  of  the  notochord,  the  pointed  ex- 
tremity of  the  gelatinous  central  cells  of  this  part  terminates  at  the  posterior 
boundary  of  the  hypophysial  space:  but  the  peripheral  capsule  of  the  notoehord 
extends  over  that  space  and  forwards  to  the  obtuse  anterior  extremity  of  the 
embryonal '  basis  cranii  * :  and  it  is  in  the  expanded  aponeurosis,  directly  oon- 
tinned  from  the  chorda  along  the  basis  cranii,  that  the  thm  stratum  of  cilrti- 
lage  cells  are  developed,  arching  along  the  sides  of  the  hypophysial  spsoe» 
from  which  the  ossification  of  the  basispheaoid,  presphenoid  and  Tomer 
proceeds]:. 

The  superaddition  or  the  later  continuation  of  the  oylindrieal  gelatinous 

*  chorda'  in  the  aponeurotic  basis  of  the  cartilaginous  and  osseons  growths  of 
the  vertebral  centres  in  the  trunk,  seenks  to  relate  chiefly  to  their  more  or 
less  cylindrical  form  in  that  region  :  the  notochord  regulates,  as  a  monld,  the 
course  of  ossification,  disappearing  by  absorption  as  the  bony  lamelle  of  the 
▼ertebral  bodies  encroach  upon  it  in  their  centripetal  progress:  the  notochord 
plays  an  important  part  also  in  the  establishment  of  the  elastic  jdly-filled 
capsular  joints  in  the  back-bone  of  fishes ;  and  therefore  it  might  weil  be 
dispensed  with,  or  be  early  and  rapidly  removed,  in  the  development  of  die 
flattened,  expanded  and  anchylosed  or  immoveably  articulated  bodies  of  the 
cranial  vertebrm.  And,  besides,  the  notochord  is  Immediately  concerned  in 
the  development  of  only  one  of  the  elements  of  the  typical  segment  of  the 
endoskeleton.  It  is  obviously,  therefore,  an  unwarrantable  and  enroneon* 
application  of  a  developmental  character,  to  conclude,  from  a  modifica- 
tion of  this  one  character  in  respect  of  a  single  element,  the  *  centrum,*  that 
every  other  character  establishing  the  general  homology  of  such  element,  as 

*  "  La  formation  det  vert^bret  suppose,  comme  premiere  oondHioii,  resist  ease  d'mie 

•  oorde  donale.' ''— Qp.  eii.  torn.  L  p.  127,  livr.  zviii.  (1843.) 

t  "  Or,  rapplication  de  oe  principe  a  la  composition  da  la  tdte  nous  montre  d'entrfe  qu'il 
n'existe  gn'iNie  taUe  verUbf  crAummtt  la  fmftibrt  oeetpUmk,  at  qua  la  rests  de  la  t£«e 
^tranjcer  au  lystema  vert^nde."— /ft.  p.  127. 

t  Hunterian  Lectures  on  Yertebrata,  1846,  p.  71. 
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veil  «ft  every  character  determiniDg  that  of  the  surrouoding  vertebnJ  elemeDts, 
are  to  be  nuUified  and  set  aside  I  M.  AgaMix»  moreover,  seems  not  to  have 
su^Mcted  that  the  notochord  may  have  ot£sr  and  more  immediate  and  import- 
ant fanetioos  than  even  those  relating  to  the  vertebral  eoiamn.  The  peculiar 
elective  attraction  of  its  component  ceils  for  the  gelatinous  principle  maybe  es- 
sential to  the  due  operation  of  those  ne^hbouring  cells  which  form  the  basb  of 
the  neural  axis,  and  which  as  exclusively  amimilate  the  albuminous  principle : 
and  this  reciprocal  antagonism  in  the  selection  of  particular  proximate  prin- 
4nples  from  the  common  primitive  blastema  may  explain  the  contemporaneous 
origin  of  notochord  and  myelon  in  the  embryonic  tmce,  when  all  development 
is  as  yet  the  work  of  cell-assimilation  and  metamorphosis,  without  any  supply 
from  a  vascular  system,  this  being  a  later  formation  in  the  building  up  of  the 
orgBuaic  machinery*  By  confining,  however,  his  views  of  the  notochord  to  one 
of  its  f  iiBctions  in  reliUion  to  a  single  vertebral  element,  and  by  extendiii^  his 
coMslnaions  from  this  to  the  entire  vertebra,  M*  Agassis,  though  recognising 
more  absolutely  than  Cuvier,  the  vertebral  character  of  the  neural  arch  oi 
the  occipital  s^ment,  concludes  that  Nature  discards  that  type  in  the  con- 
formation of  the  cinctures  that  precede  it  and  which  successively  girt  the 
jneaenoephalon,  prosencephalon  and  rhinencephalon. 

Assuming  a  gratuitous  explanation  of  the  hypothetical  absence  of  the  bodies 
of  the  cranial  vertebrae  (Poissons  Fossiles,  t.  i.  p.  128),  M.  Agassis  asks, 
"  Akm,  que  seraient  dans  cette  hypothese,  le  sph^noide  principal,  les  grandes 
ailea  du  sph^noide,  et  I'^thmoide,  qui  forment  pourtant  le  planeher  de  la 
eavit^  c^lbrale  ?— Des  apophyses  ? — Mais,  les  apophyses  ne  protdgent  les 
oeaties  nerveux  que  du  c6t^  et  d'en  haut  ? — ^Des  corps  des  vert^bres  ? — 
Mais  ils  se  sont  formes  sans  le  ooncours  de  la  oorde  dorsale ;  ils  ne  peuvent 
done  pas  .toe  des  corps  des  vert^bres.'*  (!&•  p*  129.)  To  this  it  may  be 
repIiecU  first  that  the  bodies  of  the  cranial  vertebrm  are  not  absent ;  they 
are  represented,  as  above  explained,  by  their  cortical  portions  in  the  vomer 
(fig.  5,  u),  presphenoid  (ib,  9)  and  basisphenoid  (Uk  s),  and  by  both  cortiod 
and  eeotnd  portions  in  ue  basiocoipital  («6. 1} :  nay,  the  central  part  of  the 
body  of  the  frontal  vertebra  is  represented  in  some  fishes  by  the  entosphenoid 
(ib,  9^,  which  remains  distinct  from  the  cortical  part  below,  as  does  the  central 
part  of  the  body  of  the  atlas  in  the  siluroid  fish.  If  it  were  true,  indeed, 
that  the  entosphenoid  was  pierced  by  the  canals  transmitting  the  olfac- 
tory nerves*,  Bojanus*  idea  of  its  general  homology  as  the  centrum  of  the 
Wertebra  optica'  must  be  abandoned.  But  the  parts  called  < olfactory 
nerves '  by  M.  Agassiz,  pass  from  the  prosencephalic  to  the  rhtnencephalic 
eampartmenta  of  the  cranium  not  merely  above  the  bone  called  '  cranial 
'by  the  same  author,  but,  also,  through  the  upper  part  of  the  inter- 


space between  the  bones  (orbhosphenoids)  which  Uie  entosphenoid  (d') 
sostaiiKr:  and  the  true  olfactory  nerves  perforate  the  neurapopbyses  (14) 
which  Bojanus  called  '  ethmoid '  and  which  Cuvier  and  M.  Agassiz  have 
termed  ^Irontaux  antMeure'  (see  unls,  pp.  214^226).  The  alisphenoids,  being 
iiotclied  or  perforated  by  their  proper  intervertebral  nerves,  are '  apophyses' 
(nemnqK>physes)j  and  accordingly  do  protect  the  sides  of  their  proper  nervous 
centre,  the  mesencephalon.  The  central  jelly-eeUs  of  the  notodiord  appear  to 
be  withdrawn  into  the  occipital  region  before  ossification  of  the  basisphenoid 
commences,  and  that  modified  vertebral  body  is  therefore  developed  at  the 
eipeoae  of  the  fibrous  sheath  of  the  notochord,  and  is  represented  by  its 
'  cortical '  part  only.    But  its  general  homology  is  determined  by  its  con- 

*  M.  Agauiz  has  described  ibis  bone  nnder  the  nsme  of '  ^tbmoide  cHbieii '  as  "  un  os 
m^^  conut,  de  forme  presqne  esnr^  dsns  kqnel  lont  perofo  les  csnaixz  tenrsiit  aiu  nerti 
omctift." — Rechercbei  but  les  Pmssons  Fossiles,  t.  i.  p.  120. 
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nections  with  the  basioccipital  (admitted  by  Agaasiz  to  be  a  vertebral  body) 
behind,  and  with  the  alisphenoids  above. 

In  many  fishes  the  basisphenoid  unites  with  the  basioccipital  by  a  deeply 
indented  sutural  surface,  like  that  which  unites  together  the  elongated  bodies 
of  the  anterior  trunk-vertebree  in  the  Fiatularia.  In  mammals  the  basioc- 
cipital  and  basisphenoid  join  each  other  by  flat  surfaces,  also  like  the  bodies 
of  the  trunk- vertebrae,  until  the  period  when,  in  most  of  the  class,  the 
joint  is  obliterated  by  anchylosis.  These  and  similar  repetitions  of  class- 
characters  of  vertebral  elements  in  the  regions  of  the  head  and  trunk  are  not 
so  wholly  devoid  of  signification,  as  they  must  seem  to  be  to  the  opponents 
of  the  cranio-vertebral  theory.    • 

In  his  new  and  elaborate  classification  of  the  bones  of  the  skull  of*  fishes> 
M.  Agassiz  divides  them  primarily,  like  Cuvier,  into  bones  of  the  eraniuniy 
or  '  box  which  envelopes  the  brain  and  the  organs  of  sense ' :  and  into  bones 
of  the^^ice,  <  which  is  composed  of  the  moveable  pieces  subservient  to  nutrition 
and  respiration'  (L  c,  p.  110). 

This  division  is  open  to  the  objection  that  the  bony  or  cartilaginous  cap- 
sules which  immediately  envelope  the  organs  of  sense  are  always  originally, 
and  most  of  them  permanently,  separate  from  the  box  or  capsule  that  enve- 
lopes the  brain.  The  independent  character  of  the  ear-capsules,  for  example^ 
is  manifest  on  their  first  appearance  in  the  ammocete ;  and,  althoii^h  they 
subsequently  lose  their  distinctive  features  by  the  accumulation  of  cartilage- 
cells  around  them  in  which  the  foundations  of  the  neurapophyses  and  parapo- 
physes,  contributing  to  the  otocrane,  are  laid,  one  centre  of  ossification  ki 
commonly  established,  even  in  fishes,  in  special  relation  to  the  immediate 
protection  of  the  vascular  and  nervous  parts  of  the  labyrinth. 

As  to  the  proper  bony  envelope  of  the  eye,  M.  Agassiz  does  not  enumerate 
it  amongst  the  cranial  bones  of  fishes :  but  admits  into  that  series  only  the 
accessory  protecting  pieces  which  form  the  orbit ;  or  rather  only  those  that 
at  the  same  time  form  the  brain-case :  for,  the  suborbitals,  the  entopterygoids 
and  palatines  are  placed  amongst  the  *  facial '  bones  :  whilst  the  supraorbi* 
tals  are  transferred  to  another  category  of  osseous  pieces,  the  natuxai  system 
here  prevailing  over  the  artificial  one. 

Subjoined*  is  an  outline  of  the  arrangement  of  the  two  primary  classes  of 
*  cranial '  and  *  facial '  bones,  founded  upon  the  embryological  researdies  of 

*  CRANIAL  BONES.    (OS  CRANIENS.) 
J.  EMBRYONIC  BASIS  ('  BASE  EMBR70NALE,'  Vofft). 

a.  Nuchal  plate  (*  Plaque  muekale,*  V.)*     Basioocipital,  ExoccipitalB,  Paroodpitils, 

Sapnoedpital,  Petrotalt. 

b.  Lateral  loope  (*  Atuee  latiralee'  V.)*    Alispbenoids,  Orbitoiphenoids. 

e.  Facial ptate  (*  Plaque  faeiale*  V.).    Entosphenoid  (I'ethmoide  crftakn,  A^}. 
B.  PROTECTIVE  PLATES  (« PLAQUES  PROTECTRICES,*  V.). 

a.  Stqterior  platee,    Pariettk,  Frontali,  Nasals* 

b.  Lateral  platee.    Prefrontals,  Postfrontals,  Mastoids  (temporanz,  Ag.)- 

c.  Inferior platee  (*  Plaque  bueeakf  V.)*    Basi-  pre-  sphenoidi  Vomer. 

FACIAL  BONES.    (OS  DE  LA  FACE.) 

I.  MaxUlary  arch.    Suborbitals  (jagauz,  Ag.),  Ma^llary,  Preraastillary. 

II.  Palatme  arch.    Palatines,  Entopterygoids,  Pterygoids  (transrerses,  Ag.). 

III.  Mandibular  arch,    Pretympanics  ('  caisses,'  Ag.J,  Mesotympanics  ('  tymptmO'Val* 
leanx,'  Ag.),  Hypotympanics  ('  os  carr^,'  Ag.),  Mandible. 

IT.  Hyoidean  arch,   Epitympanics  ('  mastoidiens,'  Ag.),  Preoperculars,  Stylohyalr,  Epi* 

hyals,  Ceratobyals,  Basihyals  ('  Tos  lingual,'  Ag.). 
V.  yi.  Yii.  Yiii.  Brinchial  archee,  '  Compost  chacun  de  deux  ou  trois  pieces  «t  reunis 

sous  le  gorge  par  le  corps  de  I'byoide.' 
iz.  Pharyngeal  arch.   *  Compose  d'une  ou  de  plnsieurs  pieces,'  &c — Op.  ctY.  t.  L 

pp.  124,  130. 
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M.  Vogt.  With  regard  to  the  series  of  nine  arches  into  which  the  facial 
bones  are  distributed,  it  may  be  remarked  that  the  independence  of  the  maxil* 
lary  from  the  palatine,  which  is  more  apparent  than  real  in  the  osseous  fishes, 
ceases  to  be  manifested  in  any  degree  in  the  plagiostomes  and  lepidosiren : 
that  the  first  and  second  arches  are  suspended  by  their  crowns  with  their 
haunches  prcgecting  freely  outwards,  whilst  the  third  and  fourth  arches  are 
suspended,  in  the  reverse  position,  viz.  inverted,  with  the  crowns  or  key-stones 
downwards :  the  four  next  arches  are  rather  complete  cinctures,  their  sum- 
mits meeting  and  being  loosely  suspended  to  the  basis  cranii,  or,  in  pla- 
giostomes and  cydostomes,  to  the  under  part  of  the  vertebral  column  of  the 
trunk.  Although  professing  to  base  his  classification  upon  developmental 
diaracters,  M.  Agassiz  owns  with  regard  to  the  posterior  branches  of  the 
maxillary  arch,  e*  g.  the  suborbitals,  **  that  they  appear  to  be  rather  formed 
by  the  diermal  system."  And  this  is  unquestionably  true  :  whilst  the  pala- 
tines, which  are  the  true  piers  of  the  arch,  are  developed  from  the  blastema 
of  the  same  visceral  arch  as  the  maxillaries  and  premaxillaries. 

The  error  in  regard  to  the  special  homology  of  the  suborbital  bones,  deter- 
mined by  M.  Agassiz  as  the  mahirs,  and  which  is  so  cleariy  exposed  by  the 
structure  of  the  skull  of  the  PtUtaeidtB  (ante^  p.  209),  has  misled  him  in  re- 
elect to  the  natural  and  typical  constitution  of  the  maxillary  arch. 

The  mistake  in  reference  to  the  special  homology  of  the  epitympanic  (ssa), 
determined  by  M.  Agassiz  as  the  '  mastoid,*  has,  in  like  manner,  influenced 
bim  in  dissodating  it  from  the  other  dismemberments  of  the  tympanic  pedicle, 
and  referring  it  to  a  different  arch. 

Widi  regard  to  the  hyoid  and  branchial  arches,  it  will  be  observed  that 
M.  Agassiz  makes  no  distinction  between  the  systems  of  the  neuro-  and 
splanehno-skeleton.  An  arch  constant  and  ossified  in  all  vertebrates  where 
the  rest  of  the  endoskeleton  is  ossified,  and  which,  even  admitting  M.  Agassiz* 
special  homology  of  the  preopercular  as  the  styloid  process  of  the  temporal, 
would  sUU  be  suspended  in  the  inverted  position,  like  a  true  hsemal  arch,  is 
placed  in  the  same  category  as  the  branchial  girdles,  which  are  often  cartila- 
ginous when  the  hyoid  is  osseous,  in  bony  fishes ;  and  which  disappear,  in  the 
metamorphosis  of  the  tadpole,  with  the  evanescent  respiratory  viscera  for 
the  support  of  which  they  are  exclusively  developed. 

The  constitution  of  a  distinct  9th  facial  arch  for  the  posterior  pair  of  bran- 
chial girdles,  which  retain  their  gills  in  lepidosiren,  though  modified  in  sub<* 
senrience  to  mastication  in  most  osseous  fishes,  appears  to  be  giving  undue 
importance  to  an  artificial  or  adaptive  character.  Finally,  the  natural  con* 
neetions  of  the  scapulo-coracoid  arch  in  osseous  fishes  are  totally  disregarded, 
and  it  is  left  out  of  the  enumeration  of  the  bones  of  the  head. 

The  unbiaflsed  anatomist  may  find  an  element  for  judging  of  the  natural 
chaiaeter  of  the  cranio-vertebral  system  propounded  in  the  present  Report, 
by  contrasting  the  cUssification  of  the  bones  of  the  fish's  skull  to  which  it 
l^ds,  with  that  proposed  by  M.  Agassiz,  and  with  nature*. 

Having  thus  responded  to  the  objections  advanced  by  Cuvier  and  M. 
Agasaiz  to  the  interpretations  of  the  segmental  constitution  of  the  bones  of 
the  head  which  were  open  to  the  criticism  of  those  great  authorities  in 
aoatoaqr*  I  prooeed  briefly  to  explain  the  segmental  constitution  of  the  bones 

*  I  SID  bound  here  to  say  that  in  the  discotsion  of  the  subject  of  this  Report  with  M. 
Agaa^  which,  amongst  other  advantages  of  the  meeting  of  the  British  Association,  I  en- 
joyed «t  Southampton,  he  admitted,  with  his  charactenstic  frankness,  that  some  points  of 
lua  dassification  of  the  bones  of  the  head  in  fishes  would  require  reconsideration.  One  of 
the  eniaent  physiologists  who  was  present  at  the  debate  which  followed  the  reading  of  the 
Beport,  has  recorded  the  impression  it  produced  upon  him  in  a  review  of  my  '  Hunterian 
Lectures  on  Vertebrata'  in  *The  British  and  Foreign  Medical  Review/  No.  xlvi.  p.  490. 
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of  the  trunk  of  the  kaman  t object  according  to  tho  archetype  wf th  #liicb  the 
segments  in  the  head  have  been  illastrated. 

The  first  seven  segments  of  the  tnuik  consist  each  of  oentraBi  (fig.  £5,  r)^ 
neurapophyse8(A)»  nearalspine  («),  and  rodimental  pienmpoph3rses(/»/),  which 
coalesce,  in  each  segment,  into  one  bone,  called  *  cervical  vertebra '  hi  anthro- 
potomj.  If  the  haemapophyses  (m')  have  the  same  relation  to  their  oentram 
which  thoHC  of  the  seventh  dorsal  vertebra,  in  the  Cieonia  Areola,  more  ob- 
viously bear  to  theirs,— that  is,  being  attached  below  and  disunited  at  tkeinipper 
ends  from  their  pleurapophyses,  which  are  short,  stunted  and  anchylosed  to  the 
centrum,— and  if,  as  Uie  apparent  homologues  of  si'  in  fishes  would  indicate* 
the  atlas  be  actually  the  centrum  to  which  such  detached  and  shifted  hsBflui* 
pophyses  belong,  then  the  first  will  be  the  sole  segment  of  the  cervical  region  of 
the  trunk  in  which  those  elements  are  ossified. 

In  the  seven  vertebrae  which  succeed  the  cervicals  the  pleurapophyses  (pi) 
are  progressively  elongated;  they  are  shifted  from  their  proper  centrum  to  the 
interspace  between  it  and  the  next  segment  above,  or  in  advance,  and  retain 
their  moveable  joints.  The  hssmapophyses  (h)  are  cartilaginons  and  afticniate 
with  the  ends  of  the  pleurapophyses  and  with  the  bssmal  spines  (Ar),  which  are 
flattened,  slightly  expanded,  and  ultimately  blended  into  one  bene  called  *  ster- 
num.' The  haemal  spine  of  the  first  typical  segment  remains  longest  distinct  s 
it  receives,  also,  the  extremities  of  the  displa^  hseanpophyses  (st'^and  has 
been  called  *  manubrium  stemi.'  The  haemal  spine  of  the  seventh  sogaieut 
commonly  continues  longer  distinct,  and  is  later  in  becoming  ossified,  whence 
it  is  called  '  ensiform  cartilage ' :  it  probably  includes  the  rodimentai  of  sofue 
succeeding  haemal  spines.  In  the  four  succeeding  segments  the  pleurapophyses 
become  progressively  shorter,  and  the  haemapc^yses,  still  cartilaginous,  are 
severally  attached  by  their  lower  attenuated  ends  to  the  pair  in  advanee ; 
leaving  the  haemal  arch  incomplete  below.  In  the  next  vertebra  (19th  from 
the  skull)  the  still  shorter  pleurapophyses  resume  the  exdustve  artiealation 
with  their  proper  centrum ;  and  the  correspondingly  short  and  pointed  haem- 
apophyses  terminate  freely. 

Those  pleurapophyses  and  haemapophyses  which  directly  articolate  with 
haemal  spines  (sternum)  are  called  colleotively  *  true  ribs  *  (costse  verse),  the 
proximal  element  being  'the  bony  part  of  the  nb'  (pars  ossea  costs),  the  distal 
one  the  *  cartilage  of  the  rib.'  The  rest  of  the  luBemal  arches  which  are  in* 
complete  through  the  absence  of  the  h»mal  spine,  are  called  *  fhlae  ribs ' 
(costae  spuriae) ;  and  the  last,  which  terminates  freely  in  the  origin  -of  the 
diaphragm,  is  a  *  floating  rib.'  The  centrum,  nenrapophyses  and  nennd  spine 
of  each  segment  with  freely  articulated  pleurapophyses  coalesce  into  one  bone, 
called  *  dorsal  vertebra '  in  anthropotomy  :  these  vertebne  are  tw^ve  in 
ilumber.  Each  of  the  five  succeeding  segments  is  represented  by  the  same 
elements  (centrum  and  neural  arch)  coalesced  that  constitute  the  so«ea]|ed 
dorsal  vertebrae :  they  are  called  *  lumbar  vertebrae '  (fig.  25,L.):  they  have  no 
ossified  pleurapophyses ;  and  the  haemapophyses  of  these  segments  are  repte* 
sented  only  by  the  aponeurotic  '  inscriptioiles  tendineae  musculi  recti'  (A^)* 

Certain  elements  of  the  five  succeeding  segments  (t&.S.)  coaleseing  together 
in  the  progress  of  growth  form  the  bone  called  ^sacrum ' :  and  are  described  in* 
dividually  as  sacral  vertebrae.  The  first  four  of  these  each  combine  the  same 
elements,  coalesced,  as  in  the  neck;  viz.  centrum,  neurapophysen^ neural  spine, 
and  short  but  thick  pleurapophyses  * :  in  the  fifth  sacral  vertebra  there  are  no 

*  J.  Milller  notices  the  rudimental  ribs  in  the  first  and  second  laeral  Tertrinm  of  tW 
homsn  fcetws  in  his  Anatomie  dcr  Myxinoiden,  heft  i.  1834,  p.  240.  Mr.  Cadik  bas 
described  (Report  of  British  Association,  1837,  p.  112),  and  Dr.  Knox  has  ilnnd  rUaeet. 
1839,  p.  191)  these  ribs  and  their  homotypes  in  the  thii4  and  foorth  aacfalvtftefana. 
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■  raJdiments  of  pleuTspoidifMt ;  and  the  nearal  tpme  it  oommonlj  nn- 


developed.  Ooe  or  mora  typical  •egmenta  are  obrioinlj  completed  by  tW 
Bcettng  of  the  broad  sidea  of  the  inverted  arch  {n,  m,  m)  at  the  '  iiehitv 
pubic  aymphyaiB '  forming  the  '  pelvii '  of  anthropatoiny.  Before,  bowerer, 
tabaiag  upon  the  difficult  inquiry  into  the  general  homology  of  the  pelvis, 
I  would  beg  to  refer  the  reader  to  the  snaljiia  of  the  aacrum  of  the  OBtrieb 
given  at  p.  26S :  and  I  here  lubjoio  a  &gare  of  seven  of  tho«e  vertebra, 
fhHa  aa  immature  epecimeu,  the  pleurapopbyiea  being  removed  from  all 
Mve  the  last  (pi),  in  order  to  show  the  change  of  place  of  the  neurapophyiea 
a  I—*,  in  relation  to  their  centrums,  e  i  to  4  :  dd  are  the  long  diapophytes ; 
pthe  short  par^Mpbyses.  The  sacral  spines,  «  s,  are  enormously  developed. 
In  (be  bird  the  modification  of  the  vertebral  segments  at  the  posterior 


Fig.  27. 


r^on  of  the  trunlL  in  relation 
to  the  tiaDsference  of  the  whole 
*eigbt  of  the  body  and  fore* 
Lmba  (wings)  upon  the  hind- 
lisiba,  ia  greater  and  mare  ex- 
tensive than  in  the  '  bipes  ii 
jdnme,'  and  the  essential  natu 
of  the  pelvic  arch  is  still  mo 
"ni*^"*  in  the  bird  than  in  man. 
In  oidec  tu  obtain  an  insight 
into   the  model  according  to 
which  it  is  constructed,  we  must 
deaoend  Mill  lower,  even  to  the 
hnmbleat    of  the   vertebrated 
cnatores  that  crawl  upon  the  7  ■ 
earth.     The  eaample  which  is  here  selected  for  that  purpose  is  the  pereoni-' 
txaoGhiate  amphibiEm  called  MtHoponM  AlUgiannimuU. 


Fig.  28. 


The  three  anterior  ver- 
tebra which  answer  is  po- 
sition to  the  'lumbar'  in 
fig.  25,  differ  chiefly  in  ha- 
ving rudimental  pletirapo- 
I^sea  (iV)  vticniated  to  , 
the  end*  of  the  di^wphyses 
{D).  In  the  next  vertebra 
the  di^Kkphysis  (ly)  and  the 
mdimenial  pleurapophysis 
(PO  *>**  tluckened  and 
enlaced:  asecood  [dear- 
apoph jaial  rib-tike  pieGe{at) 
is  joined  by  ooe  end  to  the 
ideBraptqtbysis,  and  by  the  ^ 
other  to  a  broad  partially  ossified  cartilage  (m)  which  meets  and  joins  its 
fdkrw,  cnmpleting  a  haemal  arch  and  restoring  the  vertebra  in  question  to 
the  Epical  character.  A  radiated  ^tpendage,  moreover,  diverges  on  each 
side  frooi  the  artioulatioa  between  m  and  at,  and  formsthe  hind-limb.  Now 
the  special  homology  of  this  limb  with  the  undivided  filamentary  appendagB 
■Imilariy  situated  in  the  lepidosiren,  and  with  the  ventral  fins  of  fishes,  in 
the  descending  series ;  and  with  the  bind-limb  of  other  reptiles,  of  birds  and 
of  mammals  in  the  ascending  series,  is  unmistakeable,  and,  I  believe,  is  gene- 
rally admitted:  bo  that  comparative  anatomists  have  not  hesitated  to  call 
the  rib-like  bone,  w, '  ilium,'  and  the  part,  m,  '  pubis  '  in  the  mi"- 


328  REPORT— 1846. 

.  The  special  homologies  of  these  elements  of  the  pidvis  being  thus  deter- 
minedy  it  follows,  that  their  general  homology,  as  it  may  be  revealed  by  the 
simple  condition  of  the  pelvic  arch  in  the  species  in  which  the  pelvis,  as 
complete  and  fixed  to  a  sacrum,  makes  its  first  appearance  in  the  animal 
kingdom,  will  be  equally  applicable  to  the  parts  under  all  their  metamor- 
phoses in  the  higher  air-breathing  vertebrates. 

The  correspondence  of  the  segment  of  the  endoskeleton  in  the  menopome 
D',  K',  H,  A,  with  the  typical  vertebrate  as  illustrated  by  fig.  16,  is  such, 
that  any  other  explanation  of  its  essential  nature  than  as  a  representative  or 
repetition  of  such  fully  developed  segment  or  vertebra  seems  contrary  to 
nature.  The  chief  modification  has  its  seat  in  the  most  peripheral  part  or 
appendage  A.  as  compared  with  its  simple  homologue  in  the  thoracic  segment 
of  the  bird  (fig.  15).  If  o«  and  04  are  to  be  regarded  as  strangers  to  the 
vertebral  system,  new  parts  introduced  for  special  purposes,  and  not  as 
normal  elements  modified  for  special  purposes,  i  am  at  a  loss  to  know  on 
what  principles,  or  by  what  series  of  comparisons  we  can  ever  hope  to  attain 
to  the  higher  generalizations  of  anatomy,  or  discover  the  pattern  according 
to  which  the  vertebrate  forms  have  been  constructed.  It  may  be  said  that  tbe 
arch  which  they  constitute  performs  a  new  function,  inasmuch  as  it  sustains 
a  locomotive  limb  which  reacts  upon  the  ground.  But  this  new  function 
arises  in  the  menopome,  rather  out  of  the  modifications  of  the  appendage 
than  of  the  arch  itself.  In  so  far  as  the  mere  support  of  the  appendage  is 
concerned,  the  inverted  or  haemal  arch  R',  H,  performs  no  new  function,  bnt 
one  which  is  common  to  such  arches  in  the  thorax  of  birds,  and  to  the  less  com* 
pletely  ossified  homologous  arches  in  the  abdomen  of  fishes,  where  moreover 
the  simple  diverging  appendages  db  give  attachment  to  the  muscles  of  locomo- 
tion. Comparing,  then,  the  ha&nud  arch  in  question  with  that  of  the  typical 
itertebra  (fig.  15),  we  find  that,  like  Xhe  scapulo-coracoid  arch  in  fishes 
(fig.  5,  H  i),  its  parts  are  open  to  two  interpretations.  The  upper  piece  of 
Pr  may  be  the  whole  pieurapophysis,  the  lower,  ss,  the  haemapophysis,  and  the 
part,  64,  the  half  of  an  expanded  and  bifid  haemal  ^ine :  or  PP  with  st,  may ' 
be  two  portions  of  a  teleologically  compound  pieurapophysis,  and  «4  the  hsem* 
apophysis,  which  would  join  with  its  fellow  without,  or  with  a  mere  rudiment 
of,  a  haemal  spine  intervening.  From  the  analogy  of  the  scapulo-coracoid 
arch  in  fishes,  which  is  proved  by  its  modifications  in  higher  animals  to 
want  the  haemal  spine,  it  is  most  probable  that  such  is  the  condition  and 
true  interpretation  of  the  correspondingly  simple  pelvic  arch  under  oonsidem* 
tion.  But  the  general  relation  of  this  arch  to  the  haemal  one  of  the  typical 
segment  is  not  affected  by  the  alternative. 

I  regard,  therefore,  PVy  ss,  as  two  portions  of  a  fully  developed  pleurajpophy* 
sis ;  and  the  pleurapophyses,  Pty  PI  of  the  contiguous  vertebrae  as  answering 
only  to  the  upper  portion  of  the  pelvic  one.    In  ascending  from  the  meno- 
pome to  the  crocodile,  we  find  the  homologue  of  ss  broader  than  it  is  long* 
and  articulated  to  the  thickened  proximal  portions  of  the  pleurapophyses  of 
two  segments ;  and  we  observe,  likewise,  the  pelvic  arch  pompleted  below 
by  two  pairs  of  haemapophyses :  for  the  anterior  pair  the  name  of  *  ossa 
pubis '  is  retained ;  to  the  posterior  pair  that  of '  ischia'  is  given.   In  general 
homology  these  bones  complete,  as  haemapophyses,  the  two  vertebral  seg- 
ments modified  to  form  the  sacrum  of  the  crocodile ;  and  the  intermiMliate 
connecting  piece  (ilium)  may  be  interpreted,  as  either  the  oODfluent  distal 
portions  of  the  pleurapophyses  of  both  vertebrae,  or  as  an  expansion  of  one 
such  portion,  answering  to  os  in  the  menopome,  and  intruding  itself  between 
the  stunted  pleurapophysb  and  distant  haemapophysis  of  the  second  sacral 
vertebrae  in  the  crocodile.  * 
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In  tlie  bird  the  expanBion  of  Uie  element  •t  proceeds  to  a  further  extent* 
and  besides  the  proximal  piece  of  the  pleurapophysis  of  its  own  segment  st, 
is  brought  into  connection  with  the  homologous  stunted  or  proximal  ends 
of  pleurapophyses  of  several  contiguous  segments,  in  the  manner  indicated 
bj  the  dotted  line  in  fig.  28.  Now,  if  the  ilium,  so  expanded,  were  inter- 
preted as  the  coalesced  complementary  portions  of  all  the  short  pleurapo- 
physes with  which  it  articulates,  its  condition  would  be  very  similar  to  that 
which  Oken  has  attributed  to  the  scapula*  But  its  ossification  radiates,  as 
in  the  simple  rib-like  ilium  of  the  menopome,  from  a  common  centre :  there 
are  no  corresponding  multiplications  of  hsemapophyses  below;  these  are 
restricted  in  the  pelvis  of  all  animals  to  the  number  which  they  present  in 
the  crocodile.  And  since  the  scapula  has  been  proved  to  be,  under  its  most 
expanded  form,  the  homologue  of  a  single  pleurapophysis,  so  also  I  am  dia- 
pered to  regard  its  homotype,  the  ilium,  as  maintaining  under  every  variety 
of  form  and  proportion,  the  same  fundamental  singleness  of  character,  as  it 
presents  on  its  fir^t  appearance  in  the  perenni branchiate  batrachian. 

The  first  sacral  vertebra,  then,  in  man  is  complete;  but  its  pleurapo- 
physis is  divided,  and  the  lower  portion  expanded  to  form  the  so-called 
'  ilium  *  (m).  The  haemapophysis  (64)  coalesces  with  that  of  the  succeeding 
vertebra  (ea),  and  with  its  own  pleurapophysis  (ss). 

The  second  sacral  vertebra  has  its  hsmapophysi?  (os,  called  *  ischium ') 
osrified,  but  separated  from  its  proper  pleurapophysis  by  the  expanded  (iliac) 
portion  of  that  of  the  preceding  vertebra,  with  which  it  coalesces,  as  well  as 
with  the  preceding  haemapophysis  (pubis).  The  short  and  thick  pleurapo- 
physes of  the  third  sacral  vertebra  also  articulate  in  the  adult  with  the  ex- 
panded distal  portions  of  those  of  the  first  sacral  vertebra :  but  these  (iliac 
bones)  are  restricted  in  infancy  and  early  childhood  to  their  connections 
with  the  first  and  second  sacral  vertebrae,  which  connection^  are  permanent 
in  most  reptiles. 

The  fourth  sacral  vertebra  consists  of  centrum,  neurapophyses,  and  rudi- 
mental  pleurapophyses ;  the  fifth  sacral  vertebra  of  centrum  and  rudimental 
neurapophyses,  which  rarely  meet  above  the  neural  canal. 

In  each  sacral  vertebra  the  elements  of  the  neural  arch  and  rudimental 
ribs  fint  coalesce  together;  and  afterwards  the  vertebrsB  unite  with  each 
other  and  form  the  anthropotomical  bone  called  *  sacrum.' 

The  first  coccygeal  vertebra  in  man  consists  of  a  centrum  and  of  stunted 
nearapophyses*  wide  apart  above,  but  developing  zygapophyses,  which  join 
those  of  the  last  sacral  vertebra,  and  diapophyses  which  extend  outwards 
lurther  than  those  of  the  same  vertebra.  The  neurapophyses  are  represented 
by  exogenous  tubercles  of  bone  in  the  second  coccygeal  vertebra ;  and  the 
third  and  fourth  vertebne  are  reduced  to  the  centrums  only. 

The  cartilaginous  deposits  in  the  primitive  blastema  of  this  extremity  of 
the  tmnk  indicate  a  greater  number  of  caudal  vertebrae,  and  the  rudimental 
tail  is  proportionally  longer  in  the  embryo  than  in  the  adult.  It  is  shortened, 
however,  by  absorption  prior  to  the  commencement  of  ossification,  and  but 
four  segments  are  indicated  by  depositions  of  the  earthy  salts  in  the  situa* 
tions  -proper  to  the  above-specified  elements  of  a  typical  vertebra :  these 
finally  coalesce  into  a  single  bone  '<  of  a  crooked  pyramidal  figure,"  which 
got  its  name  of  *  os  ooccygis  *  from  its  supposed  resemblance  to  a  cuckoo's 

beakf. 

The  early  recognition  of  these  and  other  specialities  arising  out  of  the  va- 
rious adaptive  m^ifications  of  the  typical  segments  of  the  human  skeleton 
found  its  expvession,  necessarily,  in  special  terms,  the  convenience  of  which 

'  «  *f  81ioiilders  of  the  08  coccygis/'— Monro,  A  c.  p.  142.       f  /».  p.  141. 
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wiO  ensure  tbeir  permanence ;  but  the  course  of  anatomical  acieooe  haying 
unfolded  the  primary  form  which  is  the  basis  of  those  modificationii»  there 
arises  the  same  necessity  for  giving  utterance  to  ideas  of  the  generic  cha- 
racter of  the  parts  by  general  terms. 

Inasmuch,  however,  as  the  different  segments  of  the  human  skeleton  de- 
viate in  various  degrees  from  the  common  archetype,  and  as  the  different 
elements  of  such  segments  differ  in  their  modifiability,  anthropotomy  has  at 
no  period  wanted  also  its  *  general  terms '  expressive  of  the  reoc^nised  ex- 
tent of  such  conformity  :  such  terms  also,  indicating,  obscurely  indeed,  so 
much  perception  of  the  pre-existing  model  as  could  be  obtained  from  the 
study  of  one  form,  at  a  period  when  that  form — ^the  human  frame — ^was 
viewed  as  something  not  only  above,  but  distinct  from,  if  not  antithetical 
to  the  structures  of  the  brute  creation,  and  when  it  was  little  suspected 
that  all  the  parts  and  organs  of  man  had  been  sketched  out,  in  anticipation, 
so  to  speak,  in  the  forms  of  the  inferior  animals.  Thus  the  word  *  vertebra ' 
shows,  by  the  number  of  the  segments  or  parts  of  segments  to  which  it  is 
applied  in  anthropotomy,  the  recognition  of  the  obvious  extent  to  which  the 
archetype  is  retained  in  such  primary  constituents  of  the  human  endoskeleton. 
And,  inasmuch  as  in  some  regions  (the  cervical,  e.g,)  the '  vertebra '  includes 
all  the  elements  of  the  typical  segment,  there  developed,  it  has  been  retained, 
but,  with  a  more  definite  meaning,  as  the  technical  term  of  the  primary 
constituent  segment  of  the  endoskeleton  in  all  vertebrate  animals. 

The  <  true  vertebrse '  of  anthropotomy  are  those  segments  which  retain  the 
power  of  moving  upon  each  other ;  and  the  term  is  applied  in  a  peculiar  and 
empirical  sense  very  different  from  the  meaning  which  the  anatomist  at* 
taches  to  a  true  or  typical  vertebra.  The  *  false  vertebrsB '  of  anthropotomy 
are  those  segments  or  parts  of  segments  forming  the  lower  or  hinder  extreme 
of  the  endoskeleton,  and  which  do  not  admit  of  reciprocal  motion  at  their 
joints.  And  Monro,  admitting  that  the  condition  of  even  the  human  oa 
coccygis  sometimes  militates  against  the  definition,  meets  the  objection  by 
arguing  for  the  speciality  of  that  bone,  and  with  as  good  ae  better  reason 
than  those  who  have  subsequently  contended  against  admitting  the  eranial 
segments  into  the  category  of  vertebra.  ''From  the  description  of  this  bone  '* 
(oa  coccygis), ''  we  see  how  little  it  resembles  pertebrm ;  since  it  seldom  has 
processes,  never  has  any  cavity  for  the  spinal  marrow,  nor  holes  for  the  pas- 
aage  of  nerves*.*' 

Embryology  has  since  demonstrated  that  the  parts  of  the  os  coccygis  are 
originally  in  vertebral  relation  with  the  neural  axis ;  and  that  this  ia  suboe- 
quently  withdrawn  by  a  concentrative  movement,  which  is  like  manner 
withdraws  it  from  the  terminal  segment  at  the  opposite  extreme  of  the  endo- 
skeleton. The  homology  of  the  divisions  of  the  sacrum  with  the  true  ver- 
tebra is  admitted  by  Monro,  because  of  the  perforations  for  the  nerves :  and 
this  character  is  still  retained  in  the  nasal  vertebra  in  the  form  of  the  cribri- 
form foramina,  although  its  neurapophyses,  like  those  of  the  saonioi>  have 
lost  their  primitive  relation  to  the  neural  axis. 

Homological  anatomy,  therefore,  teaches,  that  the  term  *  vertebra '  should 
not  only  be  applied  to  the  segments  of  the  human  skeleton  in  the  technical 
and  definite  sense  illustrated  by  figs.  14  and  15,  but  be  extended  to  those 
modified  and  reciprocally  immoveable  segments  which  terminale  the  endo- 
skeleton superiorly,  and  are  called  collectively  *  skull.' 

The  term '  head,'  then,  indicates  a  region  ofspecially  modified  vertebree,  like 
tiie  terms  '  neck,'  *  chest,' '  loins,'  &o. ;  and  amongst  the  species  of  the  primary 
segments  characterized  by  specific  modifications,  the '  cranial '  vertebrae  must 

*  Monro,  i.  e,  p.  143. 
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be  added  to  the  '  cervical/  ^  thoracic  or  dorMil/  '  lumbar/ '  sacral/  and '  coccy- 
geal or  caudal.' 

Such,  with  reference  to  the  *  general '  term  '  vertebra,'  seema  to  be  the 
advance  of  which  anthropotomical  science  is  susceptible,  in  order  to  keep 
progress  and  be  in  harmony  with  anatomy. 

Aa  to  the  elements  of  the  typical  vertebra,  anthropotomy  has  also  its  gene- 
lal  phrases  (see  Table  IL  column  vi.  *  Soemmerring.'),  some  of  which  are 
equivalent  to  the  clearly  defined  technical  terms  of  such  elements  in  anatomy 
properi  J  so  called. 

The  serial  homology  of  the  centrum  (eorpuiveriebrm)  has  been  recognised 
in  all  the  so-called  '  true  vertebrae/  and  in  some  of  the  *  false  vertebrae :  thus 
Monro  says,  **  The  fore-part  of  the  os  iaemm^  analogous  to  the  bodies  of  the 
true  vertebrae,  is  smooth  and  Baf^J*  But  their  smooUi  and  flat  homotypes  in 
the  sknH  have  only  the  special  names  of  *  basilar'  and  'cuneiform'  processea ;  of 
'  proeeMUs  asygos '  and  *  vomer.'  The  *  neun^physes '  are  recognised  as  re- 
petitions of  the  same  part  under  the  definitions  of  *  a  bony  bridge  produced 
backwards  from  each  side  of  the  body  of  the  vertebra,'  of '  areut  posterior 
seileftne,*  of '  vertebral  laminae '  or  <  pedicles.'  Monro  describes  these  rudi- 
mental  elements  in  the  last  sacral  vertebra  as  '  knobs,'  and  in  the  firat  coccy- 
geal vertebra  as  its  'shoulders.'  In  the  skull  they  receive  the  special  defini- 
tioos  of  **  the  pieces  of  the  occipital  bone  situated  on  each  side  of  the  great 
foramen;  from  which  nearly  the  whole  condyles  are producedf  "  (parte la«8- 
nUe»  weu  eomfyioukiBj  Soem.) ;  *  great '  or  *  temporal  wings  of  the  sphenoidal 
bone  t « '  '  orbitar  wings '  or  *  processes  of  the  sphenoidal  bone ; '  '  nasal '  or 
'  vertical  plate'  and  *  cristi  galli'  of  the  ethmoid  (^pars  media  oeeis  aithmoideii 
Soem.). 

The  neural  spines  are  called  generally  '  epinai  proeeeees*  in  every  s^ment 
of  the  trunk :  in  the  head  they  are  known  only  by  the  special  names  of  'oc- 
cipital plate/  '  parietal  bones,' '  frontal  bone/  *  nasal  bones/ 

The  pleurapophyses,  when  free,  long,  and  slender,  are  called  *  ribe^  'verte- 
bral ribs,'  or  'bony  parts  of  the  ribs' ;  when  short  and  anchylosed,  they  are 
called,  in  the  neck,  "  the  second  transverse  processes  that  come  out  from  the 
sides  of  the  body  of  each  vertebra  §  ;"  (radix  prior  processus  transversi  vsr- 
kbr€Si  Soem. ;)  in  the  sacrum  '  transverse  processes '  and  '  ilium';  in  the  skull, 
'  scapula', '  styloid  process  of  the  temporal  bone/  '  external  auditory  or  tym- 
panic process  of  the  same  bone ';  'paJatine  bone/ 

In  like  manner  the  serial  homology  of  the  haemapophyses  is  recognised  in 
die  thoracic  region  by  the  general  term  '  cartilages  of  the  ribs'  or  '  cartilages 
of  the  stenium'  there  applied  to  the  same  elements  of  twelve  successive  seg- 
ments. When  ossified  in  other  vertebrae  they  have  received  the  special  names 
of ' ischium,' ' pubis,' '  coracoid  process  of  the  scapula,'  'clavicle/  '  appendix 
or  lesser  comua  of  the  hy old  bone/  ('  crura  superUnxh  '  os  Unguals  st^eriust* 
Soem.},  '  lower  jaw '  or  mandilndaj  '  upper  jaw '  or  maxiUa. 

The  exigences  of  descriptive  anthropotomy  and  its  highly  important  ap- 
plications to  Medicine  and  Surgery  necessitate  such  special  nomenclature,  and 
the  reform  which  that  nomenclature  chiefly  requires  is  the  substitution  of 
namea  in  the  place  of  phrases  for  the  parts  of  the  human  body. 

Bui  the  retention  and  use  of  specific  names  for  specially  modified  elements 
in  the  diflerent  segments  by  no  means  precludes  the  entertainment  of  general 
ideas  and  the  necessity  of  expressing  them  by  generic  names  for  the  homo- 
logoaa  elements  in  the  entire  series  of  vertebrae. 

If  anthropotomy  is  to  make  corresponding  progress  with  anatomy,  and 
to  derive  the  same  light  from  the  generalizations  of  zootomical  science  which 

*  Monro,  /.  e.  p.  138.  t  l^  c,  p.  76.  t  L.  e,  p.  86.  §  L.  c.  p.  126. 
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medical  botany  bas  done  from  general  botanical  science,  ita  nomeBdatnre 
must  expand  to  receive  those  generic  terms  which  express  the  essential 
nature  of  the  parts,  heretofore  named  and  known  only  according  to  the 
results  of  particular  and  insulated  observation.  A  term  which  truly  ex* 
presses  the  general  homology  of  a  part  enunciates  the  most  important  and 
constant  characters  of  such  part  throughout  the  whole  animal  series,  and 
implies  therefore  a  knowledge  of  such  characters  in  that  part  of  the  human 
body,  when  used  and  understood  by  the  human  anatomist  Before  the  cunei- 
form process  of  the  occipital  bone  could  be  defined  as  the  *  occipital  cen- 
trum,' the  modifications  and  relations  of  the  homologous  part  in  all  classes  of 
vertebrate  animals  had  to  be  accurately  determined.  The  generic  homo- 
logical  term  expresses  the  sum  or  result  of  such  compcurisons,  and  the  use  of 
such  terms  by  the  anthropotomist  implies  his  knowledge  of  the  plan  or  pattern 
of  the  human  frame  which  lies  at  the  bottom  of  alt  the  modifications  that 
raise  it  to  an  eminence  so  far  above  those  of  all  other  vertebrate  animals. 

In  no  species,  however,  is  each  individual  segment  of  the  endoskeleton 
so  plainly  impressed  with  its  own  individual  characters,  as  in  Man ;  the  prac- 
tised anUiropotomist,  for  example,  will  at  once  select  and  name  any  given 
vertebra  from  either  the  cervical,  the  dorsal,  or  the  lumbar  series.  During 
that  brilliant  period  of  human  anatomy  which  was  illuminated  by  a  Fabriciu8» 
an  Eustachius,  a  Fallopius,  and  a  Laurentius,  the  terms  expressive  of  the 
recognition  of  such  specific  characters  were  more  numerous  and  often  more 
precise  than  in  our  modem  compilations.  Pleurapophyses  were  indivi- 
dualized in  the  thorax  as  well  as  in  the  head :  the  '  antistrophoi,'  '  stereai ' 
and  *  stemitides/  for  example,  were  distinguished  from  the  other  *  pleund 
gnesiai'*. 

General  anatomical  science  reveals  the  unity  which  pervades  the  diveisity, 
and  demonstrates  that  the  whole  skeleton  of  man  is  the  harmonized  result 
of  essentially  similar  segments,  although  each  segment  difilaiB  from  the  other, 
and  all  vary  from  their  archetype. 

Part  III. — Serial  Homoloot. 

Since,  then,  we  are  led  by  the  observations,  comparisons  and  reasonings  re- 
corded in  the  preceding  parts  of  this  Report,  to  recognise,  as  the  fundamental 
type  of  the  vertebrate  endoskeleton,  a  series  of  segments  repeating  each 
other  in  their  essential  characters,  it  follows  that,  not  only  the  power  of  de- 
termining the  homologous  bones  throughout  the  vertebrate  series,  but  also 
throughout  the  verteboral  segments  of  &e  same  individual,  is  included  in 
such  generalization. 

The  recognition  of  the  same  elements  throughout  the  series  of  segments 
of  the  same  skeleton  I  call  '  the  determination  of  serial  homologies.'  Thia 
kind  of  study  appears  to  have  been  commenced  by  the  gifted  Vicq  d'Azyr, 
in  his  *  M6moire '  entitled  *'  Parall^le  des  os  qui  composent  les  extr^mit^  ** 
printed  in  the  M6moires  del' Academic  des  Sciences  for  the  year  1774,  and 
Condorcet,  in  his  Report  on  this  ingenious  Essay,  speaks  of  it  as  **  un  essai 
d'une  autre  espdce  d' Anatomic  compar^e,  qui  jusqu'ici  a  6t6  peu  cultiv^e.** 

Vicq  d'Azyr  compares,  or  points  out  the  serial  homology  of,  the  scapula 
with  the  ilium,  the  humerus  with  the  femur,  the  two  bones  of  the  fore-arm 
with  the  two  bones  .of  the  leg,  the  small  bones  of  the  carpus  with  those  of 
the  tarsus,  the  metacarpus  with  the  metatarsusi  and  the  fingers  with  the  toes. 
He  is  not  so  happy  in  his  particular  as  in  his  general  determinations :  his 

*  Anttomios  Humani  Coiporii,  &e.»  multift  oontiOYenils  et  obtemtiimibas  novis  ilhittcmta. 
Andr.  Lsiventio,  foL  1600,  p.  96. 
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choice  in  the  leg,  for  example,  of  the  homotypes  of  the  ndiiis  and  ulna  in 
the  fore-arm,  is  erroneous ;  but  the  whole  memoir  is  an  admirable  example 
of  the  appreciation  of  correspondences  which  later  researches  in  the  same 
direction  have  proved  to  flow  from  a  higher  and  more  general  law  of  uni* 
formitj  of  type.  It  is,  indeed,  a  striking  instance  of  the  secret  but  all-pre- 
▼ailing  harmony  of  the  vertebrate  structure  that  serial  homologies  should  be 
determinable  to  such  an  extent  in  the  parts  of  the  diverging  appendages, 
which  are  the  seat  of  the  greatest  amount  and  variety  of  deviations  from  the 
fundamental  type. 

It  will,  of  course,  be  obvious  that  the  humerus  is  not  *  the  same  bone'  at 
the  femur  of  the  same  individual  in  the  same  sense  in  which  the  humerus 
of  ooe  individual  or  species  is  said  to  be  *  the  same  bone'  as  the  humerus  of 
another  individual  or  species.  In  the  instance  of  serial  homology  above-cited, 
the  femur,  though  repeating  in  its  segment  the  humerus  in  the  more  advanced 
segment,  is  not  its  namesake,  not  properly,  therefore,  its  '  homologue '.  I 
propose,  therefore,  to  call  the  bones  so  related  serially  in  the  same  skeleton 
*  homotypes,'  and  to  restrict  the  term  *  homologue'  to  the  corresponding  bones 
in  different  species,  which  bones  bear,  or  ought  to  bear,  the  same  names. 

In  the  skull  those  bones  are  homotypes,  or  repetitions  of  the  same  essential 
part  in  the  series  of  vertebral  segments,  which  succeed  each  other  length- 
wise, as  in  the  last  four  columns  of  the  subjoined  Table : — 


VSKTSBBiB. 

OcciriTAi.. 

Pakibtal. 

FftONTAL. 

Nabal. 

Cemtrum* 

Baaioecipital .... 
Ezoedpital   .... 
Siq>raocd]tttal  .. 
ParoGcipital  .... 

Scapula 

Coracotd 

Epiateraum 

Foie-llmb  or  iln 

Baairohenoid. 

AlisnhcQoid  

Parietal 

Preaphenoid  .... 
Orbifeoapbenoid. . 

Frontal 

Postfrontal 

Tympaaic 

Articular    

Dentarr 

Opafduim    .... 

Vomer. 

PrefrontaL 

Naaal. 

None. 

Palatal. 

Maxillanr. 

PremaadUaiy. 

Ptorfgoid  and  Zygoma. 

PTfmnipophffttB. 

jVojm/  t/rinet * . . . . 

<  PmraPOpKvtet 

Mastoid 

Hmmu^Qphput    

IlMUtml  nhtet 

Stflohnl   

Ceratottval . . « 

BoaihTal 

XM0tf^^vMf   opf&lttUff99  •  • 

Branciwortegala   .. 

Thus  the  basioccipital,  basisphenoid,  presphenoid  and  vomer  are  homo- 
types  with  the  centrums  of  all  the  succeeding  vertebrae.  The  exoccipitab, 
alisphenoids,  orbitosphenoids,  and  prefrontals,  are  homotypes  with  the  neur- 
apophyses  of  all  the  succeeding  vertebrae.  The  paroccipitals,  mastoids  and 
postfrontals  are  homotypes  with  the  transverse  processes  of  all  the  succeeding 
vertebrae.  The  supraoccipital,  parietal,  frontal  and  nasal  are  homotypes 
with  the  vertebral  neural  spines. 

The  petrosals,  sclerotab,  and  turbinals  are  homotypes  of  each  other,  as 
being  respectively  sense-capsules  of  the  splanchno-skeleton. 

The  suprascapula  and  scapula  are  together  the  homotypes  of  the  stylohyal 
and  epihyal ;  of  the  tympanic,  whether  simple  or  subdivided,  and  of  the 
palatal :  and  all  these  are  the  homotypes  of  the  pleurapophyses  collectively, 
whether  modified  as  ribs,  hatchet-bones,  or  iliac  bones,  in  the  rest  of  the 
vertebral  segments. 

The  coracoid  is  the  homotype  of  the  ceratohyal,  this  of  the  articular  di- 
vision of  the  mandible  (with  its  subdivisions  called  angular,  sur-angular  and 
coronoid,  in  cold-blooded  animals),  and  this,  again,  of  the  maxillary  bone :  all 
four  being  homotypes  of  the  haemapophyses  of  the  remaining  vertebral  seg- 
ments, whether  modified  to  form  clavicles,  pubic  bones  or  ischia,  chevron-bones, 
sternal  ribs,  abdominal  ribs,  cartilages  of  ribs,  abdominal  cartilages  or  tendi- 
Qous  intersections  of  the' modified  intercostal  muscles  called  *  recti  abdominis.' 

The  entosternal,  when  present,  is  the  homotype  of  the  basihyal,  of  the 
dentary  or  premandibular,  and  of  the  premaxillary  bones  ;  and  these  collec- 
tively are  homotypes  of  the  haemal  spines  of  the  rest  of  the  vertebral  seg- 
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ments,  whether  retaining  their  spinal  shape  as  in  the  caudal  hsemapopbyaea, 
or  flattened  as  ordinary  '  sternal  bones,'  or  expanded  and  sabdivided,  like  the 
neural  spines  in  the  cranium,  in  order  to  complete  below  the  thorax  of  the 
bird  or  to  form  the  plastron  of  the  turtle. 

There  reigns  a  beautiful  parallelism  in  the  kind  and  degree  of  modification 
of  the  parts  of  the  neural  with  the  corresponding  parts  of  the  hemal  arch  of 
the  same  vertebral  segment:  and  as  the  serial  homologies  which  have  just 
been  enunciated  succeed  each  other  longitudinally  (horizontally  in  beasts, 
vertically  in  man)  in  the  axis  of  the  vertebral  column,  so  these  manifest  them- 
selves in  a  direction  perpendicular  to  that  axis. 

The  manubrium  stemi  of  the  bat  developes  a  spine  downwards,  as  the 
f upraoccipital  of  the  fish  sends  a  spine  upwards :  the  expanded  manttbrium 
stemi  of  the  whale  repeats  the  condition  of  the  supraoccipital  in  birds  and 
mammals.  The  form  of  the  ordinary  sternal  bones  in  mammals  is  repeated 
by  the  parietal  and  supraoccipital  bones  of  the  crocodile.  The  divided  sleTnum 
of  the  young  ostrich,  before  the  two  lateral  ossifications  have  coalesced 
at  the  median  suture,  repeats  the  condition  of  the  divided  parietal  in  most 
mammals.  The  development  of  the  crista  from  the  obliterated  sutnre  of 
the  lateral  halves  of  the  expanded  haemal  spine  in  the  thorax  of  birds  b 
parallded  by  the  development  of  the  crista  from  the  obliterated  suture  of 
the  expanded  neural  spine  in  the  cranium  of  carnivores.  The  interposition 
of  the  entostemal  piece  in  the  chelonian  carapace  parallels  below  the  inter- 
position of  the  ibterparietal  bone  in  the  rodent  cranium  above* 

Thus  modifications  and  developments  of  the  same  kind  and  degree  manifest  ^t 
themselves  in  the  upper  (neural)  as  in  the  lower  (haemal)  peripheral  elements  ;: 
of  the  vertebrae  ;  and  though  not  always  in  the  same  vertebra,  nor  in  the  L 
same  animal,  yet  they  are  sufficiently  exemplified  in  the  myelencephalous  series  Is 
generally,  to  establish  the  conclusion  that  the  haemal  spines  under  all  their  ^ 
modifications  are  vertical  homotypes,  not  of  the  centrums,  as  Oken,  Meckel 
and  De  Blainville  have  supposed,  but  of  the  neural  spines  of  the  same  verte-  f 
brae.  In  the  composition  of  the  neural  arch  of  the  occipital,  parietal  and 
frontal  vertebrae,  we  find  the  neurapophyses  repeating  the  pleurapophyses  of 
the  haemal  arch,  and  the  parapopbyses  repeating  the  haemapophyses  ia  their 
relative  positions  to  the  centrum  and  the  spine  or  key-bone  of  such  arches. 

Symmetry  or  serial  homology  of  parts  of  the  same  vertebral  segment  is 
usually  still  more  strictly  preserved  in  the  transverse  direction,  and  is  so 
obvious,  as  to  have  immediately  led  to  the  detection  of  the  homologous  parts, 
which  are  accordingly  distinguished  as  '  right '  and  *  left.' 

To  return  to  the  consideration  of  those  serial  homologies  with  which  Vicq 
d* Azyr  commenced  the  study  of  these  relations,  I  may  remark  that  the  bones 
of  the  fore-  and  hind-limbs  of  some  of  the  marsupial  quadrupeds  best  illus- 
trate the  true  relations  which  my  revered  Preceptor  in  Anatomy,  Dr.  Barclay* 
was,  I  believe,  the  first  to  enunciate  in  respect  of  the  bones  of  the  fora^arm 
and  leg. 

The  skeleton  of  the  Phalangisia  or  Pha90olomy»  plainly  demonstrates  that 
the  tibia  is  the  homotype  of  the  radius,  and  that  the  fibula  is  the  homotype 
of  the  ulna.    In  both  wombat  and  omithorhvnchus  the  fibula  assumes  those 

*  In  his  explanations  of  Mitchel's  Plates  of  the  Bones,  4to,  1824,  pi.  24,  figs.  3  and  4, 
Dr.  Barclay,  without  referring  to  Yicq  d'Azyr's  Memoir,  simply  enonciates  the  eorrect 
view  of  the  serial  homology  of  the  bones  of  the  fore-arm  and  leg,  as  follows . — **  On  com- 
paring the  atlantal  (pectoral)  and  sacral  (pelvic)  extremities,  the  fibula  is  found  to  be  the  bone 
corresponding  to  the  ulna ;  and  accordingly,  upon  extending  oar  researches  to  Comparative 
Anatomy,  we  perceive  it  exhibiting  the  lute  variety  and  unsteadiness  of  character,  sometimes 
large,  sometimes  small,  and  sometimes  merely  a  process  (Xf  the  tibia,"  &c.  He  does  not  push 
his  comparison  to  the  bones  of  the  distal  segment  of  the  limbs. 
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Ifroportioas  and  developes  that  prooeat  from  its  prozimal  end,  the  want  of 
'vhich  in  man  and  meet  mammals  deceived  Vicq  d'Azyr,  as  it  has  misled, 
,iif>re  recently,  M •  Cruvelhier.  The  complex  ezpUnation  of  the  serial  homo- 
ikgies  of  the  bones  of  the  upper  and  lower  extremities  proposed  by  the  last 
.laiiied  paina-taking  anthropotomist*,  inYolves  more  unnatural  transpositions 
hsiA  combinations  of  the  parts  than  those  of  the  D'Azyrian  hypothesis,  which 
ite  ingenious  author  could  not  but  admit  seemed  paradoxical ;  viz.  that  the 
iSDlerior  member  of  one  side  of  the  body  repeated  or  corresponded  with  the 
pQBierior  member  of  the  opposite  side.  Cuvier,  however,  seems  to  sanction 
•Ifais  idea  by  repeating  the  statement  of  Vicq  d*Azyr,  **  C'est  la  droite  d*ane 
paire,  <paL*ik  faut  comparer  a  la  gauche  de  rautref." 

M.  Flourens  has  exposed  in  detail  the  fallacies  of  this  view  in  an  excellent 

I  nemoir  in  the  *  Annates  des  Sciences'  for  1838  (t  x.  p.  35)  ;  in  which  he 

I  irriTes  at  the  same  conclusions  as  Dr.  Barclay,  and  from  similar  considera- 

:  tiou  from  Comparative  Anatomy,  as  to  the  serial  homologies  of  the  bones  of 

the  fore-arm  and  leg ;  and  he  confirms  those  of  the  carpal  and  tarsal  bones, 

vhich  had  been  so  truly  and  acutely  discerned  by  Vicq  d'Azyr. 

In  mammalian  quadrupeds  generally  the  fore*umb  takes  the  greater  share 
in  the  support,  the  hind-limb  in  the  propulsion  of  the  body.  The  numu$  is 
accordingly  •commonly  shorter  and  broader  than  the  pes;  this  may  be  seen  in 
tlie  terminal  segment  of  even  the  monodactyle  hand  and  foot  of  the  horse. 
Consequently  the  transverse  direction  prevails  in  the  arrangement  of  the 
carpal  bones  and  the  longitudinal  in  that  of  the  tarsal  bones. 

The  difference  is  least  in  the  carpus  and  tarsus  of  the  long  and  slender  fore- 
^nd  hind-hands  of  the  quadrumana.  If  the  carpus  of  the  chimpanzee,  for 
example,  be  compared  with  that  of  man,  the  first  difference  which  presents 
itsdf  is  the  comparatively  small  proportion  of  the  scaphoid  which  articulates 
^ith  the  radios,  as  compared  with  that  in  man,  in  whom  the  distal  articu- 
lation of  the  radius  is  equally  divided  between  the  scaphoides  and  lunare 
vhich  are  on  the  same  parallel  transverse  series.  In  the  chimpanzee  and 
t^fang,  on  the  contrary,  the  scaphoid  is  elongated,  and  extends,  almost  as  much 
fnnn  the  os  lunare  as  from  the  radius,  along  the  radial  side  of  the  carpus,  to 
i^h  the  trapezium  and  trapezoides ;  it  is,  as  it  were,  interposed  between  the 
luQare  of  the  proximal  row  and  the  trapezium  and  trapezoid  of  the  distal  row 
uf  the  carpal  bones.  The  similarity  of  its  connections,  therefore,  in  the  carpus 
with  those  of  the  scaphoid  in  the  tarsus  (fig.  25,  sc.)t  is  so  close  that  the 
^nai  homology  of  the  two  bones  is  unmistakeable.  The  astragalus  (16.  a\ 
then,  in  the  foot,  repeats  the  os  lunare  (/)  in  the  hand,  but  usurps  the  whole 
^  the  articular  surface  of  the  tibia,  and  presents  a  larger  proportional  size, 
specially  in  man,  whose  erect  position  required  such  exaggerated  develop- 
nieot  of  the  astragalus,  or  homotype  of  the  lunare.  The  prominent  part  of 
^^Q  Gslcaneom  obviously  repeats  the  prominent  pisiforme  (p),  and  the  body 
^  the  calcaneum  (cl)  articulates  with  the  fibula  as  the  cuneiforme  (cu) 
siticolates  with  the  ulna.  The  strain  upon  the  homotype  of  the  pisiforme  to 
prodoce  the  required  effect  in  raising  the  back-part  of  the  foot  with  its  super- 
incumbent weight  upon  the  resisting  ends  of  the  toes,  required  its  finA 
^escence  with  the  homotype  of  the  cuneiforme ;  in  other  words,  the  cunei- 

*  ^  L'eztr^mit^  soperieure  du  tibia  est  repr^ntee  par  la  moiti^  Bop&ienre  da  cnbitns, 
^^  la  moiti^  mfi^rieure  du  tibia  par  la  moiti^  inft^rieure  du  radiui ;  tandii  que  le  p^ron^  est 
'^'i^iit^  par  la  moiti^  supdrieure  da  radius  et  par  la  moiti^  inf^eure  da  cubitus." — Anatom 
^  I>uer^tiv0,  t.  i.  p.  315 . 

t  Lemons  d'Anat.  Comp.  t.  i.  1836,  p.  342. 

t  The  carpal  and  tarsal  bones  are  indicated  diagrammatically  in  fig.  25 ;  their  OMiiloatioB 
"u  sot  commenced  at  the  period  of  the  embryonic  skeleton  there  represenled. 
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fonne  and  pisiforme  of  the  carpus  represent  together  the  os  calcis  of  the 
tarsus.  With  regard  to  the  other  bones  there  is  no  difficulty ;  the  cuboid 
(b)  supports  the  two  ulnar  digits,  iv,  v,  of  the  foot,  as  the  unciform  bone  («) 
does  those  of  the  hand :  the  ecto-cuneiform  supports  the  digitus  medius,  iii, 
of  the  foot  as  the  OS  magnum  (m)  does  that  of  the  hand :  the  meso-cunei- 
form  supporting  the  toe  tt  is  the  homotype  of  the  trapezoid  supporting  the 
finger  it,  and  the  ento-cuneiform  (ci)  is  the  homotype  of  the  trapezium  (^). 

It  is  no  unusual  exception  that  of  two  essentially  distinct  bones  in  one 
segment  being  represented  by  a  coalesced  homotype — a  single  bone — in  an- 
other segment,  as  in  the  explanation  above  given  of  the  serial  homology  of 
the  calcaneum.  The  scaphoides  and  astragalus  in  the  tarsus  of  the*lion  are 
represented  by  the  single  scapho-lunar  bone  in  the  carpus.  The  scaphoid 
and  a  cuneiform  bone  in  the  tarsus  of  the  sloth  and  megatherium  are  repre- 
.  sented  by  the  single  scapho-trapezium  in  the  carpus. 

I  have  long  entertained  the  opinion  that  an  appreciation,  vague  and  indi- 
stinct, perhaps,  of  certain  serial  homologies,  may  have  been  associated  with, 
if  it  did  not  suggest  the  epithets  "  scapula  of  the  head,'*  "  femur  of  the  head," 
&c.  applied  to  certain  cranial  bones  by  Oken  and  Spix. 

To  Cuvier  this  language  seemed  little  better  than  unintelligible  and  mptical 
jargon,  and  he  always  alludes  to  it  with  ill-disguised  contempt*.  It  has  been 
commonly  cited  by  those  who  have  followed  tiie  great  palaeontologist  in  de- 
preciating the  cranio-vertebral  theory,  as  a  sufficient  instance,  needing  no 
comment,  of  the  extravagances  essentially  inherent  in  such  attempts  to  recog- 
nise and  explain  the  fundamental  pattern  to  which  the  modifications  of  the 
cranial  bones  are  subordinated.  And  it  must  be  confessed  that  the  expres- 
sions by  which  the  philosophical  anatomists  of  the  school  of  Schelling  have 
endeavoured  to  illustrate  in  the  animal  structures  the  transcendental  idea  of 
*  the  repetition  of  the  whole  in  every  part,*  have  operated  most  disadvan- 
tageously  and  discouragingly  to  the  progress  of  calm  and  dispassionate 
inductive  inquiry  into  that  higher  law  or  condition  upon  which  the  power 
of  determining  the  special  homologies  of  the  bones  of  the  skeleton  depends. 
Nevertheless  the  utterances  of  gifted  spirits  to  whom  the  common  intellectual 
storehouse  is  indebted  for  such  original  and  suggestive  generalizations  as  those 
contained  in  the  '*  Program  iiber  die  Bedeutung  der  Schadelknochen  **  are 
entitled  to  some,  and  we  will  hope  to  respectful  consideration,  even  when 
they  happen  to  be  least  intelligible  or  most  counter  to  the  conventional  ex- 
pressions of  the  current  anatomical  knowledge  of  the  day ;  nor  will  the  at- 
tempt to  detect  their  latent  meaning  be  wholly  unproductive. 

With  regard,  for  example,  to  the  term  *  scapula  capitis '  applied  by  Oken 
to  the  tympanic  bone  in  birds  (fig.  23,  ss),  it  is  quite  possible  that  some  ap- 
preciation of  its  serial  homology  with  ribs  and  other  modifications  of  the  pleur- 
apophysial  element,  besides  that  exhibited  by  the  blade-bone,  may  have  lain  at 
the  bottom  of  the  expression.  And,  we  may  ask,  whether  the  error  here  be  not 
rather  in  the  mode  of  expressing  the  relationship  than  in  the  relationship  itself? 
Had  Oken,  for  example,  said  that  the  tympanic  bone  of  the  bird  was  a  modified 
'  pleurapophysis,'  or  expressed  by  any  other  equivalent  general  term  his  idea  of 
its  standing  in  such  general  relation  to  its  proper  cranio-vertebral  segment,  hb 
language  would  not  only  have  been  accurate,  but  might  have  been  intel- 

*  '*  Quant  h.  M.  Oken — ^il  d^dare  lea  pidcei  en  question  lea  parties  ^cailleusea  des  temponnix, 
on,  aelon  bod  langage  myatiqne, '  lafomrehette  du  membre  wp^rieur  de  la  tite,*  " — Oaaem. 
Fobs.  ▼.  pt.  ii.  p.  75. — "  Cet  hutn&ut  de  la  teie  de  M.  Oken  devient  pour  M.  Spix  lepuAit 
de  cette  meme  t^ ;  ou,  pour  parler  un  langage  intelligible,  un  des  osselets  de  Tome^ 
aavoir,  le  marteau." — "  M.  Spix  croit  aussi  qn'il  repond  k  la  partie  ^cailleuae  du  tempond, 
qu'il  d^ore  du  titre  d'ileim  de  la  titerStc.    lb,  pp.  85,  8d. 
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ligible  to  CuYier.  When  Oken  called  the  '  tympanic '  a  '  cranial  scapula  *  he 
unduly  extended  the  meaning  of  the  term  '  scapula,'  and  converted  it  from  a 
spedfic  to  a  generic  one.  The  tympanic  is  the  homotype  of  the  scapula, 
both  being  modified  pleurapophyses,  but  each  has  an  equal  claim  to  its  proper 
or  specific  name  indicative  of  their  respective  modifications. 

I  am  aware  that  Oken  meant  more  than  mere  serial  homology  when  he 
called  the  tympanic  the  *  blade- bone  of  the  head ':  it  is  part  of  the  phraseology 
of  the  hypothesis  of  the  head  being  a  repetition  of  the  whole  body,  &c  But 
at  the  time  when  that  anatomist  wrote  it  was  not  known  or  suspected  that 
the  head  already  possessed  the  scapula,  and  that  the  modified  pleurapophysis 
so  called,  actually  appertained  to  a  segment  of  the  skull  (fig.  5,  Mf  si).  In 
the  terms  ^ femur  capitUf  ^tUfiUf  \fibulaf  ^  pes  capitis^^  applied  by  Oken  to  the 
parts  of  the  teleologically  compound  mandibular  ramus,  and  in  those  of '  tdna ' 
and  *  manus  capUisj  applied  to  the  distal  segments  (si,  n)  of  the  maxillary 
arch,  we  have  not  only  instances  of  the  attempt  to  express  general  relations  of 
repetition  or  homology  by  special  terms,  but  these  modes  of  expressing  the 
Ferial  homologies  of  nos.  so,  so,  ss,  and  of  si  and  ss,  betrays  the  misappre- 
ciation  of  the  general  homologies  of  the  locomotive  extremities,  and  their 
relations  to  the  vertebral  arches  supporting  them. 

To  gain  an  insight  into  wliatever  proportion  of  truth  may  be  involved  in 
the  ideas  signified  by  the  phrases  above  cited,  it  is  necessary  to  determine 
the  essential  nature  of  the  parts  called  <  femur,' '  tibia,' '  humerus,* '  ulna,' 
'  manus,' '  pes,'  &c.,  or  the  general  homology,  in  short,  of  locomotive  members, 
aod  the  attempt  to  master  this  problem  has  been  not  the  least  difficult  part 
of  the  present  inquiry.  Cuvier  has  offered  no  opinion,  nor  does  he  appear 
to  have  ever  troubled  himself  with  the  attempt  to  decipher  the  significa^ 
tbn  of  the  locomotive  members  of  the  vertebrate  aniinals ;  ».  e.  of  what 
parts  of  the  primordial  or  pre-existing  vertebrate  model  they  are  the 
modifications. 

Oken's  idea  of  the  essential  nature  of  the  arms  and  legs  is,  that  they  are  no 
other  than  liberated  ribs':  *'  Freye  Bewegungsorgane  konnen  nichts  anderea 
ak  frey  gewordene  Rippen  seyn  *•" 

Carus,  in  his  ingenious  endeavours  to  gain  a  view  of  the  primary  homologies 
of  the  locomotive  members,  sees  in  their  several  joints  repetitions  of  vertebral 
bodies  (teriiar''WirM) — ^vertebrae  of  the  third  degree  f— -a  result  of  an  ultimate 
analysis  of  a  skeleton  pushed  to  the  extent  of  the  term  '  vertebra'  being  made 
to  signify  little  more  than  what  an  ordinary  anatomist  would  call  a  *  bone.' 
But  these  transcendental  analyses  sublimate  all  differences,  and  definite 
knowledge  of  a  part  evaporates  in  such  unwarrantable  extension  of  the  mean- 
ing of  terms. 

It  has  been,  however,  I  trust,  satisfactorily  demonstrated  that  a  vertebra 
M  a  natural  group  of  bones,  that  it  may  be  recognised  as  a  primary  division 
or  segment  of  the  endoskeleton,  and  that  the  parts  of  that  group  are  definable 
and  recognizable  under  all  their  *teleological  modifications,  their  essential 
reUtions  and  characters  appearing  through  every  adaptive  mask. 

According  to  the  definition  of  which  a  vertebra  has  seemed  to  me  to  be  sus- 
ceptible, we  recognise  the  centrum,  the  neural  arch,  the  haemal  arch,  and  the 
appendages  diverging  or  radiating  from  the  hsemal  arch.  The  centrum, 
though  the  basis,  is  not  less  a  part  of  a  vertebra  than  are  the  neurapophyses, 
luemapophyses,  pleurapophyses,  &c. ;  and  each  of  these  parts  is  a  different 
I>art  from  the  other:  to  call  all  these  parts  'vertebras'  is  in  effect  to  deny 

*  Lehrbuch  der  Natur  Philosophie,  p.  330, 8vo,  1843. 
t  Urtheilen  des  Knochen  und  Schalengeriifites,  fol.  1828. 


338  REPORT — 1846. 

their  differential  and  subordinate  characters,  and  to  voluntarily  abdicate  fl 
power  of  appreciating  and  expressing  them.     The  terms  *  secondary '« 


^  tertiary  vertebrsB  *  cannot,  therefore,  be  correctly  applied  to  the  parts  i 
appendages  of  that  natural  segment  of  the  endoskeleton  to  the  whole  I 
which  segment  the  term  *  vertebra '  ought  to  be  restricted.  ^ 

So  likewise  the  term  '  rib '  may  be  given  to  each  moiety  of^the  haemal  ai 
of  a  vertebra ;  although  I  would  confine  it  to  the  pteurapophyses  when  tl 
present  that  long  and  slender  form  characteristic  of  the  thoracic  abdomii^j^^ 
region,  viz.  that  part  of  such  modified  heemal  or  costal  arch  to  which  the  tea     ^p^^ 
*  vertebral  rib '  is  applied  in  comparative  anatomy  and  the  term  *  para  08i|>3,s  Utei 
costse '  in  anthropotomy :  but,  admitting  the  wider  application  of  the 
'  rib '  to  the  whole  haemal  arch  under  every  modification,  yet  the  bopj 
verging  and  backward  projecting  appendage  of  such  rib  or  arch  is  souietl 
different  from  the  part  supporting  it. 

Arms  and  legs,  therefore,  are  developments  of  costal  appendages,  but 
not  ribs  themselves  liberated :  although  liberated  ribs  may  perform 
gous  functions,  as  in  the  serpents  and  the  Draco  volans.  ]c&piila' 

If  then  the  arms  or  pectoral  members  be  modified  developments  of 
diverging  appendage  of  the  scapulo-coracoid  arch,  and  if  this  be  the  hi 
arch  of  the  occipital  vertebra,  it  follows  that  the  pectoral  members 
parts  of  the  head,  and  that  the  scapula,  coracoid,  humerus,  radius  and  ul 
carpals,  metacarpals  and  phalanges,  are  essentially  bones  of  the  skulL 

The  transcendentalism,  therefore,  which  requires  for  its  illustration  Alavicuk' 
the  mi^xillary  arches  be  the  arms  and  hands  of  Uie  head,  meets  its  most  difl^ 
refutation  in  the  fact  of  the  diverging  appendages,  properly  called  arms  f)s  humeri 
hands,  belonging  actually  to  one  of  the  modified  segments  of  which  the  ~ 
itself  consists. 

The  head  is,  therefore,  in  no  sense  a  summary  or  repetition  of  all  the 
of  the  body :  the  skull  is  a  province  of  the  whole  skeleton,  consisting 
series  of  parts  or  segments  essentially  similar  to  those  of  which  the  ras^ni 
the  skeleton  is  constituted.  |  "WMige? 

Most  of  the  phrases  by  which  Spix  attempted  to  systematize  and  carry 
the  repetition-hypotheses  of  Schelling  and  Oken,  as  applied  to  the  osteolj 
of  the  vertebrate  skull,  may  be  similarly  explained,  and  when  well-winnol 
some  grains  of  truth  may  be  recovered. 

In  denominating  the  palatine  bone  the  'hyoid  bone  of  the  face,'  Spiz^ 
deavours  to  express  a  relation  of  general  homology  by  a  term  which  si 
be  confined  to  the  enunciation  of  a  special  homology  :  but  he  adds  **  caM^  IsctiiQ 
ossis  hyoidei  anteriori  analogum,'*  which  shows  an  almost  correct  appl# *-»••..... 
ation  of  the  serial  homology  of  the  palatine  bone.  It  answers,  however^ 
the  maxillary  arch  to  the  stylo-hyal  or  proximal  element  of  the  hyoi 
arch,  not  to  the  cerato-hyal  or  haemapophysial  element ;  and  it  needs  onlfl^phidia; 
recognise  the  palatine  as  the  *  pleurapophysis '  of  its  vertebral  segmeiiW^^l««ath< 
appreciate  all  its  true  serial  homologies.  It  might  as  well  have  been  calledlP?'^  U^ 
'tympanic  pedicle  of  the  face,'  the  *  styloid  process,'  the  'scapula,'  the  *  vertM  ae'it^l 
rib,'  or  the  '  ilium — of  the  face',  according  to  Oken's  and  Spix's  faolty  °>c4biixl|V,^> 
of  expressing  serial  homological  relations,  since  it  holds  in  its  vertebral  sego~^"  ' 

the  same  place. which  each  of  the  above-named  bones  respectively  does  h 
segment. 

So  also,  with  regard  to  the  term  *  os  faciei  iliacum '  applied  by  Spix  to'j 
mastoid  (s),  the  error  lies  not  only  in  the  application  of  a  special  term  to.\ 
press  a  general  homological  relation,  but  in  the  supposed  serial  homol 
expressed.     Had  Spix  detected,  in  a  cranial  vertebra,  the  precise  eU 
answering  to  that  called  'iliac  bone' in  a  post- abdominal  vertebra,  yf 
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would  have  been  more  proper  to  have  signified  such  serial  homolo^j^^^^gfy^^  "P.  ^^  ^ 

the  general  term  applicable  to  such  parts,  as  abstract  vertebral  elem^MsL " 

The  fact  is,  however,  that  the  mastoid  (9)  is  the  parapophysis  of  its  verte- 
bra, whilst  the  ilium  is  a  portion  of  the  pleurapophysis  of  its  vertebra ;  and 
the  mastoid  is  serially  homologous  with  the  transverse  process  (parapophysis) 
of  a  sacral  vertebra  (fig.  27,  jf ),  not  with  the  pleurapophysis  or '  ilium ' ;  it 
is  not,  therefore,  a  repetition  of  the  ilium  in  the  skull.  The  true  expression 
of  the  ideas  which  suggested  the  terms  <  ilium  of  the  head,'  'scapula  of  the 
head,'  &C.,  will  be  found  in  the  true  enunciation  of  the  serial  homologies  of 
the  vertebrate  skeleton. 

It  finally  remains  for  inquiry,  admitting  the  explanation  of  the  endoskeletal 
archetype  given  in  this  Report  to  be  the  true  one,  whether  such  is  the 
ultimate  attainable  generalization,  or  whether  we  may  not  also  gain  an  in- 
sight into  the  nature  of  the  force  by  which  all  the  modifications  of  the 
vertebrate  skeleton,  even  those  subservient  to  the  majesty  of  man  himself, 
are  still  subordinated  to  a  common  type. 

We  perceive  in  the  fact  of  the  endoskeleton  consisting  of  a  succession 
of  segments  similarly  composed,— in  the  very  power,  in  short,  of  enunciating 
special,  general  and  serial  homologies, — an  illustration  of  thatlaw  of  v^etative 
or  irrelative  repetition  which  is  so  much  more  conspicuously  manifested  by 
the  segments  of  the  exoskeleton  of  the  invertebrata,  as,  for  example,  in  the 
rings  of  the  centipede  and  worm,  and  in  the  more  multiplied  parts  of  the 
skeletons  of  the  echinoderms. 

The  repetition  of  similar  segments  in  a  vertebral  column,  and  of  similar 
elements  in  a  vertebral  segment,  is  analogous  to  the  repetition  of  similar  cry- 
stals as  the  result  of  polarizing  force  in  the  growth  of  an  inorganic  body. 

Not*  only  does  the  principle  of  vegetative  repetition  prevail  more  and  more 
as  we  descend  in  the  scale  of  animal  life,  but  the  forms  of  the  repeated  parts 
of  the  skeleton'  approach  more  and  more  to  geometrical  figures ;  as  we  see, 
for  example,  in  the  external  skeletons  of  the  echini  and  star-fishes :  nay,  the 
calcifying  salt  actually  assumes  in  such  low-organized  skeletons  the  very 
crystalline  figures  which  characterize  it  when  deposited,  and  subject  to  the 
general  polarizing  force,  out  of  the  organized  body.  Here,  therefore,  we 
have  direct  proof  of  the  concurrence  of  such  general  and  all-pervading  polar- 
izing foroe  with  the  adaptive  or  special  organizing  force  in  the  development 
of  an  animal  body. 

The  marvellous  phasnomena  of  this  development  have,  hitherto,  been  ex- 
plained by  two  hypotheses  or  forms  of  expression,  as  the  result,  viz.  of '  vital 
properties'  either  peculiar  to  living  matter  or  common  to  all,  but  latent  in 
dead,  matter ;  or,  as  due  to  the  operation  of  one  or  more  '  vital  principles/ 
vital  forces,  dynamics  or  faculties,  answering  to  the  f^eat  of  Plato,  deemed 
by  that  philosopher  to  be  supei*added  to  matter  and  mind,  and  which  he  de- 
fined as  a  sort  of  models,  or  moulds  in  which  matter  is  cast,  and  which 
regularly  produce  the  same  number  and  diversity  of  species*. 

Now  besides  the  Mkay  organizing-  principle,  vital  property,  or  force,  which 
produces  the  diversity  of  form  belonging  to  living  bodies  of  the  same  materials, 
which  diversity  cannot  be  explained  by  any  known  properties  of  matter,  there 
appears  also  to  be  in  counter-operation  during  the  building  up  of  such  bodies 
the  polarizing  force  pervading  all  space,  and  to  the  operation  of  which  force, 
or  mode  of  force,  the  similarity  of  forms,  the  repetition  of  parts,  the  signs 
of  the  unityof  organization  may  be  mainly  ascribed. 

The  platonic  \lka  or  specific  organizing  principle  or  force  would  seem  to 

*  See  Barclay,  Life  aud  Organization,  8vo,  1822. 
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be  in  aotagonism  with  the  general  polarizing  force,  and  to  subdue  and  mould 
it  in  subserviency  to  the  exigences  of  the  resulting  specific  form. 

The  extent  to  which  the  operation  of  the  polarizing  or  yegetative-Rpeti- 
tion-force  is  so  subdued  in  the  organization  of  a  specific  animal  form  becomes 
the  index  of  the  grade  of  such  species,  and  is  directly  as  its  ascent  in  the  scale 
of  being.  The  lineaments  of  the  common  archetype  are  obscured  in  the  same 
degree :  but  even  in  man,  where  the  specific  organizing  force  has  exerted  its 
highest  power  in  controlling  the  tendency  to  type  and  in  modifying  each 
part  in  adaptiye  subserviency  to,  or  combination  of  power  with,  ahother  party 
the  extent  to  which  the  vegetative  repetition  of  segments  and  the  arche^pal 
features  are  traceable  indicates  the  degree  in  which  the  general  polaiizing 
force  may  have  operated  in  the  arrangement  of  the  parts  of  the  developing 
frame :  and  it  is  not  without  interest  or  devoid  of  significance  that  such 
evidence  should  be  mainly  manifested  in  the  system  of  organs  in  whose  tissue 
the  inorganic  earthy  salts  most  predominate. 


On  Anemometry.    By  John  Phillips^  FM.S.,  F.G.S. 

Anemometrt,  or  the  registration  of  wind,  is  a  process  of  recording  certain 
effects  of  the  (horizontal)  pressure  or  movement  of  the  atmosphere.  Ac- 
cording to  the  kind  of  effect  which  is  subjected  to  observation,  and  to  the 
process  of  measuring,  weighing  or  counting  which  is  adopted,  the  anemo- 
metrical  instruments  vary,  and  it  is  required  to  determine  the  forms  of  these 
instruments  which  are  best  adapted  for  accurate  meteorological  inquiries. 
Correct  anemometers  may  be  applied  with  advantage  as  auxiliaries  in  a  Variety 
of  important  problems  not  meteorological,  but  they  are  of  primary  importr 
ance  in  meteorology,  and  derive  their  value  in  other  branches  of  knowledge 
from  their  proved  adaptation  to  this. 

A  complete  anemometrical  register  should  give  on  a  scale  of  time  the 
direction  of  the  wind,  and  its  pressure  or  velocity  in  a  continuous  series,  or 
at  very  frequent  intervals,  for  days,  weeks,  months  or  years.  We  may  for 
particular  inquiries  be  desirous  of  learning  the  total  space  traversed  by  the 
aerial  movement,  or  be  satisfied  with  knowing  the  maxima  and  minima  of 
pressure,  in  a  given  period  of  time,  or  in  other  ways  simplify  the  proUemi 
which  in  its  general  form  cannot  be  solved  without  adding  a  clock  or  other 
register  of  time  to  the  apparatus  for  measuring  wind. 

Mechanical  Effects  of  the  Movement  of  the  AtnuMpkere. 

The  (horizontal)  movement  of  the  air  over  any  given  point  on  the  earth  s 
surface,  one  of  the  most  important  desiderata  in  meteorology,  can  only  be 
observed  directly  in  the  phaenomena  of  the  clouds.  The  veloeity  of  tiiese 
light  bodies  may  be  measured  trigonometrically,  by  their  change  of  position, 
or  when  the  sun  shines,  by  observing  the  progress  of  their  shadows  on  the 
ground.  But  these  are  rather  experiments  than  observatianSf  and  when  we 
attempt  by  instrumental  means  to  register  the  velocity  of  die  windy  some 
considerable  difficulties  at  once  appear.  The  air  moves  because  it  is  pressed: 
machines  to  be  influenced  by  wind  must  be  made  to  receive  and  yield  to  its 
pressure.  If  this  pressure  be  received  on  a  machine  so  contrived  that  it  has 
a  resisting  power,  which  rises  with  the  increase  of  pressure  tiU  equilibriuia 
IS  gained,  the  displacement  of  the  spring,  the  elongation  of  the  lever,  the 
auKOsentation  of  the  weight,  &c.  may  be  taken  as  proportioned  to  the 
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Pressure.  Many  such  instruineDta  have  been  invented,  the  most  famous 
beiug  M.  Osier's  anemometer,  first  erected  at  Birmingham. 

But  if  the  pressure  (P)  be  received  on  an  instrumental  contrivance,  which 
(its  inertia  being  overcome)  is  set  into  a  continuous  motion  (as  the  various 
sorts  of  windmills),  the  rate  of  this  motion  goes  on  increasing  till  the  resist- 
ance which  the  motion  generates  balances  the  wind-pressure  on  the  sails. 
This  resistance  consists  of  two  parts,  one  caused  by  the  displacement  of  the 
air  in  the  path  of  revolution  of  the  sails,  and  consequently  proportioned  to 
the  square  of  the  velocity  of  revolution  (or  to  v*^);  the  other  caused  by  the 
ordinary  friction  of  machinery,  which  being  a  uniformly  retarding  force  (6), 
destroys  the  power  P  exerted  on  the  machine  a  quantity  proportioned 
to  the  space  moved  over*,  and  consequently  to  v'.  P  then  is  prop,  to 
at/^-i-b  v\  the  coefficients  a  and  b  requiring  to  be  separately  determined  for 
each  instrument* 

If  we  conceive  friction  to  be  very  small,  so  that  the  second  term  almost 
vanishes,  the  velocity  of  revolution  becomes  nearly  proportioned  to  V,  the 
velocity  of  the  wind ;  but  if  friction  be  very  large,  the  velocity  of  revolution 
of  the  machine  becomes  nearly  proportioned  to  P  or  V^  The  former  is  the 
case  on  a  windmill  in  heavy  wind- pressures ;  the  latter  of  the  same  machine 
vhen  the  wind-pressure  is  light  f. 

Hence  all  machines  of  this  kind  have  a  rate  of  revolution  proportional  to 
the  movement  of  the  air,  retarded  by  quantities  which  are  proportioned  to 
something  else.  The  smaller  we  can  make  this  retardation,  the  nearer  to 
perfection  is  the  instrument     Such  an  instrument  is  Whewell's  anemometer. 

WhewdTs  Anemometer* — Assuming  in  respect  of  this  instrument  that  its 
general  action  b  like  that  of  a  windmill,  we  see  with  low  velocities  of  wind, 
the  term  bv'  is  not  only  greater  iu  proportion  to  av'*  than  with  high  veloci- 
ties, but  may  acquire  a  higher  numerical  value  than  it. 

Coulomb  found  with  a  windmill  (the  load  being  constant),  the  following 
proportions  of  wind's  velocity  and  revolutions  of  sail : — 


WindVeL 

Revoltttioiit. 

V. 

v\ 

7-0 

3-0 

12*5 

7-5 

20-0 

13-0 

28-0 

22*0 

We  may  with  these  data  compare  the  following  calculation : — 


WmdV«l. 
V. 

BcTolntioiii. 

V 

Caleulafted. 

Duforenofl* 

«»'«-f-*»'  = 

Sam.~  V*. 

7-0 
125 
20-0 
28-0 

30 

7-5 

13-0 

22-0 

9-0+  44-3 

55-3+100-6 

169-0+191-8 

484-0+324-6 

53-3 
165-9 
360-8 
808-6 

7-30 
12-88 
18-99 
28-43 

+0-30 
+0-38 
-1-01 
+0-43 

*  This  is  not  strictly  the  case  with  varying  pressures  of  viind,  if  these  act  uneiiiially  on 
the  bearinn  of  the  axles. 

t  Mr.  Harris's  experiments  with  Whewell's  anemometer  (Reports  of  the  British  Asso- 
ciation, 1844,  p.  245)  confirm  this  view.  He  had  previously  observed  (Reports  of  the 
Association,  1842,  p.  33)  in  one  limited  set  of  experiments  viith  low  velocities  of  wind,  the 
spsce  described  by  the  pencil  to  be  proportional  to  the  square  of  the  velocity  of  the  vrind. 
Bat  ia  a  laigcar  series  of  trials,  in  strong  and  steady  breezes,  the  spaces  passed  over  by  the 
pencil  came  nearer  the  simple  ratio  of  the  wind's  velocity.  In  strong  winds  the  ratio  be- 
tween the  revolutions  of  the  fly  and  the  velocity  of  the  wind  is  [nearly]  constant. 
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Lind's  anemometer  correspoDds  to  the  space  from  0*0  to  0*10  iDch»  and  to  a 
velocity  of  from  0  to  15  feet  per  second,  that  is  to  say,  0  to  10  miles  per 
hour*. 

Except  the  instrument  be  very  carefully  constructed,  this  degree  of  accu- 
racy is  unattainable,  and  pressures  less  than  ^h,  per  foot,  and  Teiodties  of 
several  miles  per  hour,  may  not  be  recorded  at  all.  One  of  the  most  inte^ 
esting  of  the  powers  connected  with  the  use  of  this  instrument  has  been 
already  noticed, — ^the  power  of  studying  the  momentary  phases  of  air-move- 
ment at  the  olraervatory.  This  is  peculiar  to  the  principle  of  Mr.  Osier's 
invention ;  another  result  of  great  importance  has  been  derived  from  thestudf 
of  its  tracings.  The  force  of  the  wind  for  every  hour  of  the  day  and  night 
has  been  determined  not  only  for  the  whole  air-movement,  but  for  each  direc- 
tion of  wind,  and  in  each  season  of  the  year.  Mr.  Osier's  conclusiom  on 
this  subject,  supported  bv  Harris,  Brewster  and  Sabine,  go  directly  to  deter- 
mine a  law  of  the  wind  s  daily  pressure  and  to  connect  it  with  the  progress 
of  diurnal  heat  In  fact  the  curves  of  daily  wind-force  and  of  daily  iiv>an 
temperature  are  almost  identical,  as  may  be  seen  in  CoL  Sabine's  ObservatioDS 
on  the  Meteorology  of  Toronto. 

The  same  registration  gives  data  for  investigating  what  may  be  called 
curves  of  storm  pressure,  the  law  according  to  which  wind-pressure  riseB  to 
a  maximum  and  sinks  to  a  minimum,  a  subject  of  great  interest  and  import- 
ance. From  some  data  which  may  be  found  in  Mr.  Osier's  Report,  in  the 
volume  of  the  Association  for  1844),  I  have  obtained  the  following  Table  of 
pressures  during  a  strong  wind  of  96  hours'  duration. 


*  It  may  be  useful  to  give  here  Smeaton's  Table  of  Wind  Velodty  in  relation  to  Prenore 
in  lbs.  (PhiL  Trans.  1759.) 


Velocity  of  Wind. 

Ptewore  on 

one  •quaie  foot 

in  Ibe.  KToir- 

dnpoli. 

Chameterofthewlnd. 

Mile*  per 
Hour. 

Feet  per  Se- 
cond. 

1 

2 

3 

4 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
60 
80 
100 
913-6 

1*47 

2-93 

4*40 

5-87 

7-33 

14-67 

22-00 

29-34 

36-67 

4401 

51-34 

58-68 

6601 

73-35 

88-02 

117-36 

146-70 

1340* 

•005 

•020 

•044 

•079 

•123 

•492 

1-107 

1-968 

3-075 

4-429 

6-027 

7-873 

9-963 

12-300 

17-715 

31-490 

49-200 

One  atmotpb. 

Hardly  perceptible. 

•  Just  perceptible. 

•  Gentle  pleasant  wind. 
Pleasant  brisk  gale. 

-Very  brisk. 

•  Higb  wind. 

►  Very  high. 

Storm  or  tempest. 
Great  storm. 
Hurricane. 
Destructive  bnrricane. 
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Table  of  Mean  and  Minimum  and  Maximum  Wind-pressures  during  96 

hours. 


Mutmam. 

IftlOiflBIUDa 

MWB. 

First  twelve  hours 

2-5 
2-0 
3-5 
4*5 
4-5 
2-5 
20 
2-0 

0*5 
10 
20 
.  3-0 
2*5 
20 
10 
0-5 

1-5  lb. 

1-5416+ 

2-5 

3*5416+ 

8-2916+ 

2*125 

1*54 

10 

Second  twelve  hours 

Third  twelve  hours   

Fourth  twelve  hours 

Rflh  twelve  hours ....• 

Sixth  twelve  hours    

Seventh  twelve  hours    

Eighth  twelve  hours 

The  regularity  of  the  results  is  conspicuous  when  represented  foy  curves. 
The  central  ordinate  of  pressure  is  seen  to  occur  two  hours  before  the  middle 
hour  of  time.     It  occurs  in  a  lull  of  the  wind. 

It  is  much  to  be  wished  that  the  numerous  observations  which  have  been 
made  with  Osier's  anemometer  under  the  direction  of  the  Association,  should 
be  reduced  and  tabulated  so  as  to  determine  from  them  the  annual  air'-nufve' 
tnents  over  the  place  of  observation,  for  comparison  with  the  result  given  by 
Mr.  Harris  at  Rymouth.  The  registers  for  Inverness,  Edinburgh,  Dublin,  Bir- 
mingham, Greenwich  and  Plymouth,  thus  brought  together, would  afford  a  valu- 
able basis  for  reasoning  on  the  leading  vicissitudes  of  British  climate.  This  will 
probably  be  included  in  the  reductions  on  which  Mr.  Harris  is  now  engaged. 

It  is  neither  an  obvious  nor  an  easy  thing  to  obtain  §orrectfy  the  mean 
velocity  of  air- movement,  or  the  total  horizontal  transference  of  the  air  in  a 
given  period,  from  the  register  of  wind-pressure.  The  momentary  velocity 
is  a  constant  function  (the  square  root)  of  the  momentary  pressure  ;  but  the 
fnean  velocity  is  not  a  constant  function  of  the  mean  pressure ;  the  toUU  air- 
movement  is  not  a  constant  function  of  the  sum  of  the  pressures.  The  larger 
the  range  of  these  pressures,  the  more  variable  is  the  relation  of  the  mean 
velocity  and  the  mean  pressure ;  the  duration  of  the  several  values  of  pres- 
sure influences  the  calculation  of  the  total  air-movement,  so  that  to  obtain  it 
even  approximately  from  a  register  of  momentary  pressures  a  great  number 
of  these  must  be  separately  valued  and  reduced  to  velocity,  and  this  is  a  great 
arithmetical  labour.  It  might  be  diminished  if  we  could  assume  as  sufficiently 
known,  the  law  of  the  variation  of  the  pressure,  from  0  to  the  maximum,  and 
calculate  corrections  in  conformity  with  the  successive  swellings  and  sub- 
sidings  of  the  wind ;  but  this  would  still  leave  the  result  unsatisfactory. 


hcMiiR  In 

lb«.p«rfooC 
■qoarc 


Velocity  In 

mlleapCT 

hoar. 


i  1  hour  J  f 

A  mechanical  process  may  be  substituted  with  evident  advantage.    If  r 
1846.  2 


346 


REPORT— 1846. 


the  register  paper  now  ruled  for  a  scale  of  momeotary  pressure,  we  rule 
another  scakf  that  of  momentary  velocity,  or  copy  the  register  on  a  paper 
prepared  with  such  a  scale,  the  ordinates  of  velocity  may  be  measured  off 
with  nearly  as  much  accuracy  as  those  of  pressure,  and  the  mean  velocity 
and  total  air-movement  be  approximately  obtained  with  great  facility.  It  is 
obvious  that  the  paper  in  Mr.  Osier's  apparatus  may  be  ruled,  as  in  the  speci- 
men, p.  34*5,  both  for  velocity  and  pressure,  with  very  little  additional  expense. 

The  pressure  lines  may  be  continuous,  the  velocity  lines  dotted.  Such  a 
table  shows  how  imperfectly  the  regbtration  of  mm^-pressure  to  one  poood, 
or  even  one-tenth  of  a  pound  per  square  foot,  satisfies  the  question  of  the 
velocity  of  the  wind.  In  many  cases  winds  of  several  miles  an  hour  have  been 
left  entirely  unnoticed. 

LmcTs  Anemometer. — In  Lind*s  anemometer,  the  pressure  of  wind  if  ba- 
lanced by  the  weight  of  a  column  of  water,  -f-  the  force  due  to  the  friction  of 
its  movement.  Owing  to  the  facility  of  liquid  movements,  this  instrument,  if 
made  with  a  siphon  of  large  diameter,  is  very  quick  in  its  indications,  and 
prettily  exhibits  what  Mr.  Osier's  pencils  record,  the  continual  fluctuation! 
of  the  wind.  Pressures  which  move  the  water  to  a  difference  of  level  of  lesi 
than  one-twentieth  of  an  inch,  can  scarcely  be  noted  accurately,  but  may  he 
estimated  to  one-fortieth  or  one-fiftieth.  This  gives  as  the  limit  of  wind-ve- 
locity really  measurable  five  or  seven  miles  an  hour. 

Lind's  anemometer  may  be  rendered  self-registering,  but  not  withoat 
some  sacrifice  of  its  quickness  and  accuracy  *• 

It  is  possible  to  arrange  apparatus  which  shall  allow  of  the  flowing  cf  a 
liquid  under  |he  pressure  of  the  atmosphere  with  the  velocity  due  to  that 
pressure ;  it  is  also  possible  so  to  regulate  the  direction  of  this  flowing  that  the 
direction  shall  be  known  of  the  wind  to  which  the  efllux  is  due ;  and  in  other 
ways  the  apparatus  may  be  varied;  but  it  does  not  appear  that  by  these  pro- 
cesses any  real  advantage  can  be  gained  over  the  instruments  of  Wheweli 
and  Osier,  when  these  are  properly  attended  to.  I  proceed  therefore  to  an- 
other view  of  the  sul^ect 


Molecular  Effects  of  the  Movement  of  the  Atmosphere, 

The  class  of  phsenomena  to  which  attention  is  now  requested  dependi  oo 
the  molecular  condition  of  the  air,  and  on  its  rate  of  movement ;  if  it  can 


*  Table  for  Lindas  Aaemometer. 


Difference 

Ibe. 
PrcMore. 

Vel.in 

level  in 

1 — 1 — 

■BCDCB* 

miles  per 

BOOT* 

0-25 

1-8 

18-0 

0-5 

2-6 

25-6 

1-0 

5-2 

360 

2-0 

10-4 

M-8 

30 

15-6 

62-0 

40 

20-8 

760 

6-0 

260 

80-4 

6-0 

31-3 

88-0 

7-0 

36-5 

95-2 

8*0 

417 

101*6 

9-0 

46*9 

108-0 

10-0 

52-1 

113-6 

ll-O 

57-3 

1192 

120 

62-5 

124-0 
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be  made  the  bads  of  wind-regittratioii,  there  will  be  no  mechanum  required 
for  recording  the  measures  of  air-movement  or  pressure,  and  the  scale  of  re- 
sults will  increase  in  accuracy  as  the  wind-force  grows  less,  and  may  be  in  this 
direction  more  and  more  trusted  as  we  approach  to  zero;  a  circumstance  which 
vould  confer  upon  this  mode  of  anemometry  a  peculiar  value,  and  render  it 
almost  a  necessary  complement  to  the  mechanical  processes  now  in  use,  for 
these  take  but  little  notice  of  very  light  winds,  which  yet  it  is  of  much  im« 
portance  to  record. 

One  of  these  joint  effects  of  the  molecular  constitution  of  the  air,  com- 
bined  with  its  rate  of  movement,  is  seen  in  the  rapidity  with  which  objects 
exposed  to  wind  acquire  the  temperature  of  the  atmosphere. 

If  a  thermometer  whose  temperature  differs  from  that  of  the  atmosphere 
by  m  degrees  be  exposed  in  Uis  open  air,  it  instantly  begins  to  undergo 
change  of  temperature,  and  loses  or  gains  heat  continually  until  it  has  be- 
come senMbly  of  the  same  temperature  as  the  surrounding  medium.  This 
effect,  a  mixed  result  of  radiation  and  conduction  of  heat,  is  tit  the  open  air 
very  nearly  in  simple  proportion  to  m ;  but  in  daged  vessels,  where  conduc- 
tion is  impeded  and  radiation  influential,  the  changing  temperature  of  the 
surrounding  bodies  complicates  the  experiment,  and  the  wet  thermometer 
does  not  in  this  case  lose  or  gain  heat  in  the  same  simple  proportion  to  m. 

Exposure  of  the  thermometer  to  a  current  of  wind  accelerates  the  process 
by  which  its  temperature  is  made  sensibly  equal  lo  that  of  the  surrounding 
medium,  and  thus  by  careful  experiments  the  momentary  velocity  of  the 
current  may  be  estimated,  as  Sir  John  Leslie  has  proposed^. 

If  we  maintain  a  continual  moisture  on  the  bulb  of  the  thermometer,  a 
new  element  of  change  of  temperature  is  introduced,  the  force  of  vaporiza- 
tion, the  effect  of  which  is  finally  to  reduce  the  thermometer  to  the  tempera- 
ture of  evaporation,  where  it  remains. 

If  we  commence  the  experiment  with  the  temperature  of  the  wet  bulb 
raised  by  the  quantity  m  above  that  of  the  surrounding  atmosphere  (/),  it  will 
sink  under  the  operation  of  two  forces,  the  cooling  power  of  air,  proportioned 
to  m,  and  the  force  of  vaporization.    (The  movement  of  the  air  is  not  now 
considered.)     By  the  sum  of  these  forces  it  approximates  to  t,  at  which  point 
m  being  =0,  the  cooling  power  of  the  air  ceases.     By  the  force  of  vaporiza- 
tion it  is  tiepressed  below  thb  point  to  ^,  but  between  t  and  i!  the  air  exerts 
a  heating  power  proportioned  to  m.   The  rate  of  cooling  in  air  of  a  wet-bulb 
thermometer  is  thus  found  to  be  complicated  with  two  quite  distinct  functions, 
at  every  point  but  one,  viz.  at  the  temperature  i  of  the  atmosphere ;  at  this 
point  it  depends  solely  on  the  force  of  vaporization,  modified  by  the  move- 
ment of  the  air.     If  then  we  perform  a  series  of  experiments  on  the  rate  of 
cooling  of  a  wet-bulb  thermometer  exposed  in  the  open  air,  from  /+^°  to 
^— i^,  under  the  influence  of  winds  of  very  unequal  velocity,  and  under  the 
influences  of  very  unequal  degrees  of  dampness  in  the  air,  we  shall  be  able 
to  distinguish  the  effects  of  these  influences,  and  assign  to  each  its  proper 
functional  expression*    But  if  one  of  these  can  be  determined  theoretically, 
fewer  experiments  will  be  required.    It  appears  that  the  cooling  influence  of 
evaporation  at  different  temperatures  and  in  different  hygrometrical  states  of 
the  atmosphere  can  be  thus  determined. 

The  rate  of  evcqxfration  ofaxUer  in  the  atmosphere  depends  upon  deforce 
of  aqueous  vapour  at  that  temperature,  diminished  by  the  force  of  the  aqueous 
vapour  actuaUy  present  in  the  atmosphere.  Thus  \{  f  represent  the  force  of 
vapour  at  the  temperature  of  evaporation,  and/"  the  force  of  vapour  at  the 
temperature  of  the  dew-point,  /  — /"  is  the  unbalanced  and  active  foro 

*  Professor  Forbes  in  Reports  of  the  British  AssodstioD  for  1832. 
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which  determines  the  rate  of  evaporation  into  the  open  air.  Now  bj  ^* 
Apjohn's  researches/'—/"  is  exactly  proportional  to  —  x  — >  where  du  the 

difference  in  degrees  between  the  temperature  of  the  air  and  the  tempera- 
ture of  evaporation,  and  h  the  barometric  pressure.  Water  undergoing  eva- 
poration takes  up  for  each  unit  of  weight  a  certain  measure  of  heat  from  the 
substances  in  contact ;  its  cooling  effect  on  them  is  therefore  proportioned  to 
the  quantity  of  water  evaporated  in  a  given  time,  which  again  is  proportioDal 

to  the  force/-/",  that  i*,  to  ^  x  A. 

oo       30 

A  convenient  mode  of  experiment  to  obtain  separately  the  cooling  power 
of  evaporation  from  that  of  air  currents  and  radiation,  is  to  note  the  times  of 
cooling  of  one  thermometer  first  dry  and  then  wet,  other  circumstances  being 
similar,  as  in  the  following  experiment,  made  in  the  calm  air  of  a  large  room 
(air  53^9  evaporation  47'8,  dew-point  S8*6)- 


Tonp.  of 

Time  of  oodtmg  6° 

Tntnnoinctcr* 

inMconds. 

dry* 

wet* 

105 

0 

0 

100 

45 

18 

95 

52 

21 

90 

60 

23 

85 

70 

29 

80 

85 

36 

75 

102 

42 

70 

125 

54 

65 

168 

70 

60 

257 

93 

55 

50 

137 
253 

- 

• 

The  reciprocals  of  these  times  (^^^  correspond  to  the  cooling  powers  ex- 
erted on  the  two  instruments  and  appear  in  the  following  table  (column  A 
and  B).  The  difference  between  them  obviously  corresponds  to  the  cooliog 
power  of  evaporation  exerted  on  the  wet  bulb  (column  C).  Column  D  con- 
tains  the  numerical  values  of  the  forces  of  evaporation  due  to  the  successive 
temperatures  of  the  bulb  in  the  existing  state  of  the  air ;  and  column  £  a 
series  of  numbers  proportioned  to  these,  and  representing  the  successive 
cooling  powers  as  they  ought  to  be  found  experimentally  if  the  theory 
already  advanced  be  true.  F  shows  the  difference  between  theory  and 
experiment  • 


Metn  Temp. 

A. 

B. 

C. 

D. 

E. 

F. 

dry. 

wet. 

102*5 

222 

555 

338 

1-758 

352 

•fl9 

97-5 

192 

476 

284 

1-458 

292 

+  8 

92-5 

166 

435 

269 

1-208 

242 

-28 

87-5 

143 

344 

201 

1*014 

208 

+  2 

82*5 

117 

279 

162 

•831 

166 

+  4 

77-5 

98 

237 

139 

•673 

135 

-  4 

70-5 

80 

185 

105 

•535 

107 

+  2 

67-5 

59 

143 

84 

•418 

84 

0 

62-5 

38 

107 

69 

•316 

63 

-  6 

57-5 

20 

73 

53 

•229 

46 

-  7 

52-5 
47-5 
38*6 

40 

•155 
•091 
•000 

31 

18 

0 
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The  truth  of  the  theory  may  therefore  be  regarded  as  established,  the 
small  differences  being  quite  unimportant. 

On  regarding  attentively  the  columns  A,  B,  it  will  be  seen  that  the  pro- 
gression of  each  is  nearly  similar,  from  which  it  follows  that  C,  their  differ- 
ence— ^representing  ^heir  cooling  power  of  evaporation — contains  a  series  of 
numbers  nearly  proportioned  to  B.  Ranging  these  columns  side  by  side»  and 
reducing  to  the  same  mean  values,  we  have 


B. 

C. 

E. 

323 

333 

344 

277 

284 

285 

253 

269 

236 

200 

201 

198 

162 

162 

162 

138 

139 

132 

107 

105 

105 

83 

84 

82 

62 

69 

61 

43 

53 

45 

From  which  it  follows,  that  for  temperatures  of  the  wet  bulb  above 
that  of  the  atmosphere,  we  may  disregard  the  correction  in  column  A,  and 
take  the  whole  cooling  effect  of  air  and  vapour,  as  proportioned  to  the  va- 
porizing force.    The  problem  is  thus  simplified  for  practical  use. 

To  judge  if  the  same  rule  applies  when  the  temperature  of  the  wet  bulb  is 
below  that  of  the  atmosphere,  the  following  sets  of  experiments  were  made 
in  the  open  air,  with  variable  differences  between  the  temperature  of  the  air 
and  that  of  the  wet  bulb  (air  75°,  evap.  68°):— 


Tempentare  (rf 

I. 

II.    . 

III. 

IV. 

air  above  that 

Theraunneter 

Themomettt 

Tnennonetor 

M MB  of  obaci  tad 

ofvetbalb. 

atieit. 

■wuBg  alowly. 

•wungfiuter. 

timea. 

10" 

17" 

13" 

12" 

140" 

9 

18 

13 

11 

14*0 

8 

19 

14 

15 

16*0 

7 

20 

20 

16 

18*6 

6 

26 

24 

17 

22-3 

5 

30 

26 

24 

26*6 

The  numbera  in  columns  I.  II.  III.  IV.  represent  the  seconds  of  time  in  cooling  l^of  the  wet 
thermometer. 

With  the  mean  of  the  times  we  may  compare  a  series  of  numbers  propor- 
tioned to  the  vaporizing  force  due  to  the  temperatures,  in  the  given  condi- 
tion of  air,  as  under : — 


Temperature  of 

air  abore  that 

of  wet  bulb. 

Mean  of 
obaenred 

Calcnkted 

10 
9 
8 
7 
6 
5 

14-0 
14*0 
16-0 
18-6 
22*3 
26*6 

13-0 
14-4 
16-3 
18-6 
21-6 
26*1 

From  which  it  appears  that  the  rate  of  cooling  of  the  wet  bulb  is  still 
nearly  proportional  to  the  force  of  vaporization,  until  the  temperature  of  the 
wet  bulb  deviates  much  from  that  of  the  atmosphere. 
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For  determining  the  inflaence  of  the  rate  of  air-movement  ah  the  rate  of 
cooling  of  the  wet  bulb,  several  processes  have  been  employed,  both  in  the 
open  air  and  in  the  house. 

1.  In  the  first  place,  choosing  a  day  when  the  air  was  oonsidefed  neftrljr 

calm,  (i.  e.  moving  so  gently  that  only  leaves  with  very  flexible  petioles  were 

swayed  by  it,)  the  wet  bulb  was  first  suf«pended  at  rest  in  this  gentle  current 

(A);  secondly,  it  was  carried  across  it  (  B)  at  the  rate  of  2*75  miles  an  hour; 

thirdly,  it  was  swung  across  it  at  the  rate  of  6*18  miles  an  hour  (C).    The 

effects  ar»  recorded  in  the  table  below. 

Experiment  of  22nd  Aug.  1S46.    Temperature  of  air  75^  of  evaporation  63^  (d » 12). 

ABC 
Time  of  cooling  F  16*'  12*'  9-* 

Reciprocals  of  these  numbers,  which  represent  the  cooling  powers  of  the  air 
in  the  several  conditions,  appear  below : — 

A>  B>  Cm 

625  833  unh- 

and are  obviously  not  in  simple  proportion  to  the  velocity  of  the  air-move* 
ment  in  the  several  cases.  If  we  suppose  the  so-called  'calm'  air  to  move 
two  miles  an  hour  (which  the  movement  of  smoke  at  the  time  seemed  to  in- 
dicate), the  velocities,  obtained  by  calculating  the  diagonals  of  the  air^move- 
ments  combined  with  the  thermometer-movementSi  would  be  as  under :-- 


A. 
200 

B. 
3*40 

C. 

6-48, 

and  their  square  roots,  viz«— - 

1*41 

1*84 

2-55 

approach  nearly  to  the  ratio  of  the  cooling  powers. 

2.  Experiments  of  this  kind  however  being  unsusceptible  of  much  preci- 
sion, recourse  was  had  to  railway  movement  in  a  'calm'  day.  Temperature 
of  air  70°,  of  evaporation  64°  (rf=6).  Time  of  cooling  1°,  at  3  Inches  firom 
the  carriage  window,  14'';  at  18  inches,  10'';  at  24  inches,  9"» 

Again,  on  another  occasion,  temperature  of  air  69°*5,  of  evaporation  64*° 

(c?=5*5).    Time  of  cooling  1°,  at  20  inches  distance  from  the  window,  10". 

In  each  of  these  cases  the  real  velocity  of  the  train  was  believed  to  be 
about  36  miles  an  hour. 

These  experiments  are  sufficiently  in  accordance  with  those  already  dis- 
cussed t)>  allow  of  our  applying  the  formula  -— ^  =  y^ \r  to  all ;  where  T  is 

cZ  X 

the  observed  time  of  cooling  1°  and  C  a  constant  peculiar  to  the  instrument 
By  taking  C  ^  300,  and  employing  this  value  for  the  several  experiments^ 
the  estimated  and  calculated  results  appear  thus : — 


Esdmated  Telocity 
inmilea. 

Cakuhited  Telocity 
in  milet. 

•Calm' air   ..» 

Thermometer  carried  ... 
Thermometer  swung  ... 
Railway  movement...... 

Railway  movement 

2-00 

3*40 

6-48 

36-00 

3600 

2-44 
4-31 
771 

30-86 
29-75 

As  all  these  experiments  are  complicated  with  the  uncertain  and  variable 
influence  of  what  is  called  ^calm'  air,  their  accordance  with  one  general  for- 
mula appears  qn^'  -^«  could  be  expected.  The  drag  of  air,  which 
the  unequal  ra^  Werent  distances  from  the  carriage  indicate, 


ON  THE  CBY8TALLINB  SLAGS.  351 

may  perhaps  not  be  wholly  eliminated  at  even  20  or  24p  inches  distance. 
Perhaps  no  better  mode  of  experiment  on  this  peculiar  transportation  of  the 
atmosphere  by  railway  trains  could  be  devised  than  the  trial  of  its  cooling 
power.  In  the  first  of  the  above  experiments  the  air-displacement  appeared 
to  be  about  13  miles  an  hour  at  3  inches  from  the  carriage ;  about  24  miles 
at  18  inches,  and  30  miles  at  24<  inches. 

The  result  now  arrived  at  must,  however,  be  regarded  as  only  a  first  ap- 
proximation, and  requires  to  be  tested  and  corrected  by  more  rigorous  pro- 
cesses. For  this  purpose  the  cooling  of  the  wet  bulb  has  been  observed 
when  carried  round  by  a  lathe  movement,  and  when  subject  to  the  vibrations 
of  a  pendulum.  The  results  are  yet  incomplete,  but  may  be  offered  for  the 
consideration  of  the  Association  on  a  future  occasion. 


Report  an  the  Crystalline  8lag$.    By  John  Pbrct,  MJ). 

We  have  pleasure  in  now  presenting  to  the  Association  the  results  of  our 
investigation  of  the  crystalline  slags.  It  Is  obvious  that  such  an  investiga- 
tion must  be  limited  by  the  opportunity  of  obtuning  specimens,  which  re- 
quire to  be  diligently  sought  for  at  the  various  metalluvgical  works ;  and 
that,  consequently,  it  is  impossible  for  us  at  present  to  offer  anything  like  a 
complete  report  upon  this  interesting  subject.  We  have  however  been  for- 
tunate in  procuring  already  an  extensive  series  of  beautifully  crystallized 
slags,  several  of  which  we  have  not  yet  had  time  to  examine.  We  are  espe- 
ciaUy  indebted  to  Mr.  John  Dawes,  of  West  Bromwich,  and  to  Messrs. 
Blackwell  and  Twamley,  of  Dudley,  for  many  valuable  contributions.  In 
the  present  Report  we  have  confined  our  attention  to  the  slags  produced  in 
the  smelting  and  manufacture  of  iron.  We  shall  adopt  the  ibilowing  ar- 
rangement : — 

1.  The  crystallographic  and  mineralogical  description  by  Professor  Miller. 

2.  The  analpis*. 

3.  Special  remarks. 

The  first  series  is  composed  of  six  specimens.  Nos.  1  and  2  were  ob- 
tained from  hot-blast  furnaces  in  the  vicinity  of  Dudley ;  Nos.  3  and  4  from 
Messrs.  BlackwelFs  hot-blast  furnaces  at  Russeirs-hall,  near  Dudley ;  No.  4 
from  one  of  Mr.  Philip  Williams's  cold-blast  furnaces,  at  the  Wednesbury 
Oak  Works,  near  Tipton ;  No.  6  was  brought  by  Mr.  Samuel  Blackwell  from 
a  hot-blast  furnace  named  La  Providence,  at  Marchienne,  Charieroi,  Bel- 
gium. No.  3  was  produced  when  the  furnace  was  considered  to  be  work- 
ing unsatisfactorily,  from  some  interruption  to  the  free  course  of  the  blast 

The  crystals  of  the  slag  No.  3  are  square  prisms,  terminated  by  planes 
perpendicular  to  the  axis  of  the  prism.  Many  of  the  prisms  have  their 
angles  truncated  by  planes,  making  equal  angles  with  the  adjacent  faces  of 
the  prism. 

The  crystals  of  slag  No.  4  are  square  prisms,  having  the  angles  truncated 
like  No.  3. 

*  I  am  happy  to  state  that  I  have  had  the  aaaistanee  of  my  friend  Mr.  David  Forbes, 
brother  of  Profeasor  Edward  Fwbes.  To  the  analyses  made  by  myself  I  shall  app^  ny 
own  initials,  and  to  those  made  by  Mr.  Forbes  the  initials  of  that  gentleman. 
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The  crystals  of  No.  5  are  square  prisms,  haying  the  angles  truncated  like 
No.  3.     Hardness  =  5*7* 

No.  1.  Square  prisms  like  No.  3. 

Hardness -6    Atl90-2C    «P<^<^'fic  gravity  of  slag  _^.y..^ 
Hardness  -  6.  At  19  -2  I.   ^^^^^^  ^^^^^  ^^  ^^^^  ^l  9052- 

No.  %  Square  prbms  like  No.  3. 

Hardness  =  6.  At  19»-2C    «r«ic  gravity  of  sljg^  ^^^^^ 

specific  gravity  of  water 

Anafysis. — The  slags  composing  the  first  series  were  found  to  contain 
silica,  alumina,  lime,  magnesia,  protoxides  of  manganese  and  iron,  potass  in 
small  quantity,  and  sulphur  as  sulphuret  Phosphoric  acid  was  also  found 
in  some  of  them.  They  are  readily  decomposed  by  digestion  with  dilute 
hydrochloric  acid.    The  following  method  of  analysis  was  adopted. 

Method  of  Analysis, — 1.  The  fine  powder  obtained  by  trituration  in  an 
agate  mortar  was  digested  with  dilute  hydrochloric  acid.  The  whole  was 
evaporated  to  dryness.  The  dry  mass  was  treated  with  hydrochloric  acid, 
and  left  for  a  few  hours.  Nitric  acid  was  added  sometimes  before  and  souie- 
times  after  evaporation  to  peroxidize  the  iron.  The  silica  separated  by  fil- 
tration was  washed  with  boiling  water  until  nitrate  of  silver  ceased  to  pro- 
duce the  slightest  turbidity,  dried,  incinerated  at  a  bright  red  heat,  cooled 
under  a  glass  shade  containing  sulphuric  acid,  and  then  weighed. 

2.  To  the  acid  solution  was  added  a  slight  excess  of  ammonia.  Filtration 
was  conducted  as  rapidly  as  possible,  the  funnel  being  covered  with  a  glass 
plate. 

S.  The  precipitate  (2)  was  boiled  with  potass.  The  solution  was  treated 
with  an  excess  of  hydrochloric  acid,  and  the  alumina  then  precipitated  by 
carbonate  of  ammonia. 

4.  The  insoluble  residue  (3)  was  dissolved  in  hydrochloric  acid,  and  the 
iron  was  precipitated  by  succinate  of  soda  or  ammonia  with  the  usual  pre- 
cautions. 

5.  The  lime  was  precipitated  by  oxalate  of  ammonia  from  solution  (2), 
after  treatment  by  ammonia.  The  precipitate,  which  consbted  of  oxalate  of 
lime  mixed  with  oxalate  of  manganese,  was  incinerated  at  a  bright  red  beat, 
and  then  digested  with  dilute  acetic  acid,  which  dissolved  the  lime  and  left 
the  brown  oxide  of  manganese.  A  slight  excess  of  sulphuric  acid  was  added 
to  the  solution  of  acetate  of  lime ;  the  whole  was  evaporated  to  dryness,  and 
heated  to  redness ;  from  the  sulphate  of  lime  thus  obtained  the  lime  was 
calculated. 

6.  The  solution  (4),  after  separation  of  the  iron,  was  added  to  solution  (5) 
after  separation  of  the  lime.  The  manganese  was  precipitated  by  hydrosul- 
phate  of  ammonia  in  a  close  vessel,  and  in  every  instance  at  least  twelve 
hours  were  allowed  for  precipitation.  The  sulphuret  of  manganese  was  dis- 
solved in  hydrochloric  acid,  and  precipitated  as  carbonate  by  carbonate  of 
potass.  The  carbonate  of  manganese  was  incinerated  at  a  bright  red  heat 
for  a  considerable  time.  The  oxide  of  manganese  thus  produced  was  esti- 
mated as  Mn04-Mn<  O^. 

7.  The  solution  (6),  after  precipitation  of  the  manganese,  was  digested 
with  excess  of  hydrochloric  acid  until  the  sulphur  separated  by  decomposi- 
tion of  the  excess  of  hydrosulphate  of  ammonia  had  completely  separated. 
The  magnesia  was  precipitated  by  phosphate  of  soda  and  excess  of  ammonia. 
Generally  twenty-four  or  forty  hours  were  allowed  for  complete  precipita- 
tion. The  precipitate  was  washed  with  ammonia- water  until  no  sensible 
residue  was  left  by  eva"  -late  of  glass.  When  dry,  generally 
as  much  of  the  magne  't  was  detached  from  the  filter,  and 
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Aowlj  heated  to  redness ;  the  filter,  with  what  adhered  to  it»  was  then  intro- 
duced into  tlie  crucible  and  incinerated  as  usual. 

8.  To  determine  the  potass,  the  slag  was  digested  as  usual  in  hydrochloric 
acid,  the  iron  was  peroxidized  by  nitric  acid,  and  the  solution  was  then 
treated  with  excess  of  carbonate  of  ammonia.  The  filtrate  was  evaporated 
to  dryness,  and  the  ammoniacal  salts  were  expelled  by  heat.  The  residue 
was  treated  with  boiling  water,  and  the  solution  filtered  from  the  brownish 
residue.  The  filtrate  was  evaporated  to  dryness  after  the  addition  of  excess 
of  sulphuric  acid.  The  residue  was  dissolved  in  water,  acetate  of  baryta 
was  added  in  excess,  the  sulphate  of  haryiA  was  separated  with  the  usual 
precautions  by  filtration ;  the  filtrate  was  evaporated  to  dryness,  and  after- 
wards heated  to  redness.  The  solution  contained  the  potass  as  carbonate; 
hydrochloric  acid  was  added,  and  from  the  amount  of  chloride  obtained  by 
evaporation  and  heating  to  low  redness,  the  potass  was  estimated.  Berze- 
lius's  method  of  separating  potass  from  magnesia  by  oxide  of  mercury  was 
also  occasionally  resorted  to. 

9.  The  sulphur  was  determined  either  by  oxidizing  with  strong  nitrous 
acid,  or  by  fusing  with  nitrate  of  potass  and  a  mixture  of  carbonate  of  potass 
and  soda.  Chloride  of  barium  was  added  to  the  acid  solution.  From  the 
sulphate  of  baryta  produced  the  sulphur  was  estimated. 

10.  The  method  resorted  to  for  the  detection  of  phosphoric  acid  will  be 
described  in  each  case. 

The  actual  quantities  of  the  substances  found  by  analysis  will  always  be 
given,  in  order  that  the  calculations  may  be  corrected  in  the  event  of  any 
errors  in  the  received  atomic  weights  being  corrected  by  future  observers. 
The  calculations  have  been  made  from  the  tables  in  the  French  translation 
of  Rose's  work  by  Peligot  (Paris,  1843). 

1.  Analysis.    By  J.  P. 

1.  Weight  of  slag  employed  27*57  grains,  after  having  been  gently  heated 
over  a  spirit-lamp. 

2.  Silica  10-49. 
S.  Alumina  S-89. 

4.  Sulphate  of  lime  24-35. 

5.  Phosphate  of  magnesia  (2MgO,  P»  O*)  5*74. 

6.  Oxide  of  manganese  (Mn04-MnO«0»)  0-12. 

7.  Sesquioxide  of  iron  0*39. 

8.  Potass.  Weight  of  slag  employed  50*47  grains.  Chloride  of  potas- 
sium 1*48.  A  minute  quantity  of  precipitate  was  produced  by  the  addition 
of  antimoniate  of  potass  to  the  solution.  The  quantity  of  chlorine  was  de- 
termined by  nitrate  of  silver.  The  chloride  of  silver  obtained  weighed  2*814 
grains,  which  correspond  to  0*694  of  chlorine.  1*48  of  chloride  of  potassium 
by  the  tables,  contains  0*702  of  chlorine.  Difference  0-702— 0*694=0*008. 
The  chloride  may  therefore  be  estimated  as  nearly  pure  chloride  of  potassium. 

9.  Sulphur.  Hydrosulphuric  acid  was  liberated  by  the  action  of  hydro- 
chloric acid.  Weight  of  slag  22*68.  The  nitrous  acid  process  was  em- 
ployed. The  sulphate  of  baryta  weighed  0*59.  It  was  ascertained  that  the 
slag  did  not  contain  sulphuric  acid.  The  sulphur  is  admitted  to  exist  as 
sul|^uret  of  calcium. 

10.  Phosp)ioric  acid  was  not  detected.  Weight  of  the  slag  employed 
51*38  grains.  It  was  digested  with  hydrochloric  acid,  and  the  silica  sepa- 
rated as  usuaL  The  precipitate  obtained  by  the  addition  of  ammonia  ir 
slight  excess  was  dissolved  by  hydrochloric  acid ;  tartaric  acid  was  adde 


354  RHPOBT — 1846. 

and  then  chloride  of  magtietium  and  excess  of  ammonia;  no  trace  of  the 
characterbtic  precipitate  of  phosphate  of  magnesia  and  ammonia  appeired 
after  several  days. 

Anslyais  tabulated.  Oxygen. 

Silica 38-05 19-76 

Alumina 14*11 6*59 

Lime 85-70 10OS"| 

Magnesia 7-61  ....       2-94  I    .  o.«« 

Protoxide  of  manganese  . .  0-40  ....       0*09  r  ^^  ^^ 

Protoxide  of  iron 1-27 0-29J 

Potass 1*85 0*31 

Sulphuret  of  ealcium  ....  0*82 

Error  of  loss 0*19 

100-00 

2.  Analysis.    By  J.  P» 

1.  Weight  of  slag  employed  25*41  grains,  after  having  been  gently  heated 
over  a  spirit-lamp ;  the  odour  of  free  sulphur  was  distinctly  remarked. 

2.  Silica  9*85 

3.  Alumina  3*68. 

4.  Sulphate  of  lime  22*04. 

5.  Phosphate  of  magnesia  4*76. 

6.  Oxide  of  manganese  0*07. 

7.  Sesquioxide  of  iron  0*34. 

8.  Potass.  Weight  of  slag  employed  46*93.  Chloride  of  potassium  082. 
By  treatment  with  nitrate  of  silver  1*51  grain  of  chloride  of  silver  was  ob- 
tained, which  corresponds  to  0*372  of  chlorine.  0*82  of  chloride  of  potas- 
sium contains  0*389  of  chlorine. 

9.  Sulphur.  Hydrosulphuric  acid  was  evolved  by  the  action  of  hydro- 
chloric add.  Weight  of  slag  20*06.  The  nitrous  acid  process  was  em- 
ployed.   The  sulphate  of  baryta  weighed  0*63. 

10.  Phosphoric  acid  was  not  sought  for. 

Analysis  tabulated.  Oxygen. 

SUica 38*76 20*13 

Alumina 14*48 6*76 

Lime 35*68 10*021 

Magnesia 6*84  ....       2*55  I    |o,oq 

Protoxide  of  manganese  . .  0*23  ....       0O5  (        ^ 

Protoxide  of  iron 1*18....       0*27j 

Potass   1*11  0*19 

Sulphuret  of  calcium  . .  •  •  0*98 

Error  of  loss 0*74 

lOOOO 

3.  Analysis.    By  J.  P. 

1.  Weight  of  the  slag  employed  25*27^  after  having  been  gently  heated 
over  a  spirit-lamp. 

2.  Silica  9*51. 

3.  Alumina  3*23. 

4.  Sulphate  of  lime  20*68.  • 

5.  Phosphate  of  magnesia  4*58. 

6.  Oxide  of  manganese  0*72. 
V*  Sesquioxide  of  iron  i*18. 
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S.  Potass.  Weight  of  slag  50*47.  Chloride  of  potaariam  1*53.  By  the 
addition  of  bichloride  of  platinum  to  the  solution  a  copious  yellow  granular 
precipitate  was  produced.  Carbazotic  acid  also  occasioned  a  copious  pre- 
cipitate.   Antimoniate  of  potass  occasioned  a  minute  quantity  of  precipitate. 

9.  Sulphur.  HydrOBulphurlc  acid  was  evolved  by  the  action  of  hydro- 
chloric acid,  and  the  odour  of  free  sulphur  was  also  observed  on  the  appli- 
cation of  heat  Weight  of  slag,  after  gently  heating  over  a  spirit-lamp,  20*1 3. 
The  nitrous  acid  prooess  was  employed.    Sulphate  of  baryta  0*58. 

Analysis  tabulated.  Oxygen. 

Silica 37-63 19-65 

Alumina    12-78 6*97 

Lime 33-46 9-401 

Magnesia 6-64 ^-48  I    ,0.4/5 

Protoxide  of  manganese  .  •  2-64 0-67} 

Protoxide  of  iron 3-91  0-91 J 

Potass  1-92 0*82 

Sulphuret  of  calcium  . .  » .  0-68 

Error  of  loss 0-34 

100-00 

4.  AyALTSts.    By  D.  F. 

1.  Weight  of  shig  employed  25-38  grains. 

2.  Silica  9-62. 

3.  Alumina  3-30. 

4.  Sulphate  of  lime  21-43. 

5.  Phosphate  of  magnesia  5*09. 

6.  Oxide  of  manganese  0*76. 

7.  Sesquioxide  of  iron  0*35. 

8.  Potass.  Weight  of  slag  employed  75-68.  The  weight  of  the  chloride 
was  lost  after  the  calculation  of  the  potass. 

9.  Sulphur.  The  process  by  fusion  with  nitrate  of  potass  and  a  mixture 
of  carbonate  of  potass  and  soda  was  adopted.  Weight  of  slag  20-83.  Sul- 
phate of  baryta  2-45. 

10.  Phosphoric  aoid  was  not  detected  by  the  process  resorted  to  in  No.  1 

(n9>.  p.  353). 

Analysis  tabolated.  Oxygen. 

Silica 37-91 19-69 

Alumina  13-01 6-08 

Lime 31-43 8-731 

Magnesia 7-24 2-81  I    ,0.07 

Protoxide  of  manganese . .     2*79 0*52  f  ' 

Protoxide  of  iron. 093 0-21 J 

Potass 2-60 0-44 

Sulphuret  of  calcium  ....  3-65 

Error  of  loss 0*44 

100-00 

5.  Analysis.    By  D.  F. 

1.  Weight  of  slag  25-76  grains. 

2.  Silica  10*18. 

3.  Alumina  3*89. 

4.  Sulphate  of  lime  21*23. 
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5.  Phosphate  of  magnesia  2*45. 

6.  Oxide  of  manganese  0*80. 
7<  Sesquioxide  of  iron  0*61. 

8.  Potass.    Weight  of  slag  27*52.    Chloride  of  potassium  0*46. 

9.  Sulphur.  The  fusion  process  was  adopted.  Weight  of  slag  2^. 
Sulphate  of  baryta  1*54. 

10.  Phosphoric  acid  was  sought  for  by  the  process  previously  mentioned, 
but  not  a  trace  was  detected  even  after  standing  a  week. 

Analyns  tsbidstsd.  Oxygen. 

Silica    39-52 20-50 

Alumina 15-11 7-06 

Lime 32-52 9-601 

Magnesia 3-49 ^'^^  L  19^«; 

Protoxide  of  manganese  . .     2-89 0-64  ( 

Protoxide  of  iron 2-02 0-46  J 

Potass 1-06 0-17 

Sulphuret  of  calcium  ....  2*15 

Error  of  loss 1-24 

100-00 

6.  Analysis.    By  J.  P. 

1.  Weight  of  slag  employed  19-78  grains,  after  drying  in  vacuo  ovo-sal- 
phuric  acid  for  twenty-four  hours. 

2.  SUica  8-32. 

3.  Alumipa  2-62. 

4.  Sulphate  of  lime  15*9- 

5.  Phosphate  of  magnesia  0*57. 

6.  Oxide  of  manganese  0*48. 

7.  Sesquioxide  of  iron  1-09. 

8.  Potass.  Weight  of  slag,  after  drying  in  vacuo  during  twenty-four 
hours  over  sulphuric  acid,  20*44  grains.    Chloride  of  potassium  0-87. 

9.  Sulphur.  Hydrosulphuric  acid  was  evolved  by  the  action  of  hydio- 
chloric  acid.  Weight  of  slag  20*01  grains.  The  fusion  process  was  adopted. 
Sulphate  of  baryta  0*65. 

10.  Phosphoric  acid.  The  alumina  and  oxide  of  iron  obtained  in  the  {se- 
ceding analysis  were  fused  for  a  considerable  time  with  bisulphate  of  potifr 
The  mass  was  digested  with  hydrochloric  acid ;  some  flocculent  matter  it- 
mained  undissolved.  To  the  solution  tartaric  acid  was  added,  and  s&r* 
wards  chloride  of  magnesium  and  excess  of  ammonia.  Two  days  aftenranb 
minute  crystalline  particles  were  observed  adhering  to  the  glass.  On  ea- 
mination  with  a  simple  microscope,  the  well-known  star-shaped  crystak  o^ 
phosphate  of  magnesia  and  ammonia  were  immediately  recognised.  The  sda* 
tion  was  allowed  to  stand  several  days  afterwards.  The  minute  quantitj  ^ 
crystals  was  collected  on  a  filter,  and  washed  with  cold  ammonia-water,  is^ 
no  sensible  residue  was  left  by  evaporation  on  a  plate  of  glass.  After  a- 
cineration  the  phosphate  of  magnesia  weighed  0*06.  The  phosphoric  acid  is 
admitted  to  exist  in  combination  with  the  alumina. 
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AnalyBis  tabulated.  Oxygen. 

Silica    42-06 20-81 

Alumina 12-93 605 

Lime    32-53 9-14"] 

Magnesia 1-06 O-^l  I    , ,.,« 

Protoxide  of  manganese . .  2-26 0-51  r  ^*  ^° 

Protoxide  of  iron    4-94' 1-12  J 

Potass 2-69 0-46 

Phosphoric  acid  . .   0-191  a.q  i  • 

Alumina 0-12r  ^^^ 

Sulphur 0-451  .^^ 

Calcium 0-58/  ^^^ 

Error  of  loss    0-19 

lOOOO 

From  an  examination  of  the  preceding  analyses,  it  is  evident  that  the  fol- 
lowing formula  is  the  correct  expression  of  the  composition  of  this  series: — 

A1«0«,  Si09+2(3(Ca,  Mg,  Mn,  Fe)0,  SiO^. 

The  formula  differs  from  that  of  Vesuvian,  in  containing  two  equivalents  of 
the  silicate  of  lime  series  instead  of  one.  Ivanov  however  has  described  a 
mineral  from  Slatoust,  identical  in  composition  with  the  preceding  slags 
(Rammelsberg,  Part  2.  p.  258,  and  first  supplement,  p.  151);  but  Professor 
H.  Ros6  informs  us  that  the  analysis  of  Ivanov  has  been  clearly  proved 
erroneous.  Berthier  has  given  the.  results  of  several  analyses  of  slags 
from  blast  furnaces  of  nearly  the  same  composition,  but  has  incorrectly  de- 
duced the  formula  "  TCa,  Mg,  M,  f)S+AS,"  which  is  that  of  Vesuvian. 
He  has  also  omitted  in  his  analysis  of  a  slag  from  Dudley,  protoxide  of  man- 
ganese, potass  and  sulphur,  which  were  found  in  all  the  precedihg  analyses 
of  slags  from  the  same  locality. 

7.  Analysis.    By  J.  P. 

This  slag  was  obtained  from  one  of  Mr.  Dawes's  hot-blast  furnaces  at 
Oldbury.  It  was  found  mixed  with  coke  and  other  matters ;  it  contains 
globules  of  iron,  and  sulphur  may  be  readily  observed  deposited  here  and 
there  upon  the  crystalline  plates. 

The  crystals  are  thin  square  plates,  the  lateral  faces  of  which  are  perpen- 
dicular to  each  other,  and  to  the  terminal  faces.  They  appear  to  belong  to 
the  pyramidal  system.     They  are  white,  and  when  very  thin  transparent. 

Hardness  =5-7* 

7.  Analysis  a.    By  J.  P. 

1.  Weight  of  slag,  after  heating  carefully  over  a  spirit-lamp  to  expel  the 
free  sulphur  20*1 9* 

2.  Silica  5-71. 

S.  Alumina  4-89. 

4.  Sulphate  of  lime  20*97. 

5.  Phosphate  of  magnesia  1-64. 

6.  Oxide  of  manganese  0016. 

7.  Sesquioxide  of  iron  006. 

8.  Potass.  After  heating  to  expel  the  free  sulphur,  weight  of  slag  14*74. 
Chloride  of  potassium  0*15.  The  presence  of  soda  in  minute  quantity  was 
also  clearly  detected,  as  follows : — 

a.  By  heating  before  the  blowpipe  a  platinum  wire,  and  making  a  com- 

•  Estimated  as  2A1«0»,  3P0*  (51-44  x  2+55-44x3). 
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paratiye  experiment  with  platinum  wire  alone,  9i  decided  yeUovmtss 
indicative  of  soda  was  observed. 
b.  By  the  addition  of  the  solution  of  antimoniate  of  potass  to  a  few 
drops  of  the  solution  on  a  watch-glass,  a  minute  quantity  of  preci- 
pitate appeared. 

9.  Sulphur.  Hydrosulphuric  acid  was  copiously  evolved  by  the  action 
of  hydrochloric  acid.  Sulphur  existed  in  three  states,  free,  combined  as  sul- 
phuret,  and  also  as  sulphuric  acid.  The  free  sulphur  was  not  estimated. 
The  nitrous  acid  process  was  adopted.  14'74  grains,  weighed  after  expul- 
sion of  the  sulphur  by  heat,  furnished  of  sulphate  of  baryta  l*?!*  By  a 
second  determination  of  sulphur  13*01  grains,  heated  as  before,  and  treated 
with  nitrous  acid,  gave  of  sulphate  of  baryta  1*58.  By  the  first  total  sul- 
phur     1*60  per  cent 

By  the  second 1*67     .... 

Mean   1'6S     .... 

Sulphur  as  sulphuric  acid.  9*72  grains  heated  as  before  to  expel  free  sul- 
phur, were  digested  wilh  hydrochloric  acid.  Evaporation  to  dryness  was 
omitted,  and  the  solution  was  immediately  filtered ;  baryta  water  was  added 
to  the  filtrate.  The  sulphate  of  baryta  weighed  0*104.  Thb,  by  tables, 
corresponds  to  0*37  per  cent  of  sulphuric  acid,  apd  to  0*15  of  sulphur. 
The  whole  amount  of  sulphur  is  1*63*  Therefore  1*63— 0*159 1-48  is  the 
sulphur  combined  as  sulphiiret. 

10.  Phosphoric  acid  was  not  sought  for. 

7.  Analysis  h.    By  J.  P. 

If  Weight  of  slag,  after  treating  as  before*  20*31  grains. 

2.  Silica  5*76. 

3.  Alumina  4-93. 

An  accident  occurred  in  the  determination  of  the  lime. 

7.  Analysis  c.    By  J.  P. 

1.  Weight  of  slag,  after  heating  as  before,  20*23  grains. 

2.  Sulphate  of  lime  20*77. 

3.  Phosphate  of  magnesia  1*44. 

Analysis  tabnlated. 

a.  9.  c.  M68I1.  Okj^bd. 

Silica     28*28  . .  28*36   28*32 14*71 

Alumina   24*22  . .  24^   24*24 11*33 

Lime 40*39 39*96..  40*12  ..]  1-271 

Magnesia 2*94 2-62..      2*79..     1  OS  L 0.42 

Protoxide  of  manganese  . .     0-07...  r 0*07..     ODl  f 

Protoxide  of  iron 0*27 0*27  . .    O1O6  J 

Potass  with  trace  of  soda    0*64 0*11 

Sulphate  of  lime 0*26 

Sulphuret  of  calcium 3*38 

10009 
Error  of  excess    0*09 

This  interesting  specimen  approximates  very  nearly  in  compositfion  to 
Grehlenite,  of  which  we  introduce  the  foUowiog  analyses  for  comparisoD  (see 
Raomielsberg). 


^ 
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Fachs. 

Silica  29^4 

Alumina 24*80 

Lime   35*30 

Magnesia 


■ 

} 


CryitaUized 
Oxygen.  by  V.  Kobell. 

15*38 Sl-O 

21-4 

37-4 


11-58 
11-90 


Oxide  of  iron  (eisen  oxyd  oxydul). .     6*56     FeO 

Water 3-30    


3-4 

4*4 

2-0 


99-60 


99-6 


Dtmour. 

Silica  31-60 

Alumina 19-80  . 


9-24 


\ 


Seflouioxide  of  iron 5-97 1*79 


Lime    38-11 

Magnesia 2-20 

Soda. 0-33 

Water 1-53 

99-54 


10-83 
0-85 
008 


Oxygen. 
16-18 

11-03 


>  11-76 


«ag7. 
J.  P.  Fuekt. 

Oxygen*  Oxygen. 

Silica   14-71 15-38 

Alumina  bases. .. .    11*33 11*58 

Lime  bases 12*42 11*90 


Natife  G«h]cDite.  NatiTe  Gehlenlte. 

Oxygen. 
16*18 


11*03 
11*76 


In  slag  7  we  may  probably  be  justified  in  regarding  the  sulphate  of  lime  and 
salphuret  of  calcium  as  impurities,  and  in  no  way  connected  with  the  for- 
mula; just  as  the  water,  which  appears  to  exist  in  natural  Gehlenite  in 
▼ariable  proportion,  may  be  similarly  regarded.  Metallic  iron  and  frag- 
ments of  coke  being  mixed  up  in  the  slag,  the  crystalline  plates  were  care- 
fully selected  as  free  from  impurity  as  possible. 

The  oxygen  of  the  silica  is  to  the  oxygen  in  either  the  alumina  or  lime 
bases  in  the  proportion  of  4  to  3.    This  leads  to  the  formula 

3(3CaO,  SiOs)-h3Al«05,  SiO', 

or  aa  represented  by  Berzelius  a  method  of  notation* 

3Ca«  Si+Al'  Si, 

whicb  also  appears  to  represent  the  constitution  of  Gehlenite  more  nearly 

than  2Ca'  Si-h  Al^Si,  which  is  usually  assigned  to  it  (Rammelsberg,  Hand. 

wdrterbuch,  Theil  i.  p.  250;  second  supplement,  p.  53). 

By  oontraetiog  the  following  calculations  from  the  respective  formulss 
this  statement  mXi  e^ypear  dear. 


1. 


2. 


I  •  •        •  •  • 


•  •  ■       >•  I 


SCb*  Si+AP  Si 


8i 

•   •  • 

Al 


30-86 
25-89 


Oxygen. 
16-02 

12-07 


2Ca?  Si+ Al»  Si 
Oxygen. 

33-60     n-u 

24-93         11*65 


Ca        43*67        12-08  41*49        11*63 

Si  b  taken  as  46-22,  Al  as  51-44,  and  Ca  as  28-52. 
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We  are  unable  to  conjecture  why  the  latter  formula  should  have  been  pre- 

■ « •         •  •  • 

ferred  to  the  former,  unless  because  the  combination  Al',  Si  was  auppoeed 
improbable ;  examples  howerer  of  such  a  combination  are  afforded  by  KoUy- 

riteAl5Si  +  15H,   Heterokline  Mn' Si,   and  Sismondine  4Fes  Si+5Al'Si 

+  15H. 

We  may  also  call  attention  to  the  fact,  that  the  slag  in  question  has  the 
same  hardness  as  natural  Gehlenite. 

Admitting  this  slag  to  be  really  Gehlenite,  the  circumstance  of  its  pro- 
duction at  a  high  temperature  in  an  iron  furnace,  may  possibly  be  made 
available  by  the  geologist  in  explaining  the  formation  of  tiie  rocks  in  which 
the  natural  mineral  occurs  in  Fassathd  in  the  TyroL  We  subjoin  in  a  note 
the  following  interesting  description  of  the  locality  of  Gehlenite  by  Von 
Buch,  translated  by  Mr.  Warington  Smyth,  of  the  Museum  of  Economic 
Geology*. 

8. 

This  specimen  was  also  presented  to  us  by  Mr.  Dawes.  It  was  obtaioed 
during  the  process  of  remelting  cast  iron  with  lime  in  a  small  cupola. 

No.  8  is  a  mass  of  pearl-gray  slag  containing  imbedded  long  yellow  crystals 
which  appear  to  be  square  prisms  with  the  angles  truncated,  cleavable  per- 
pendicular to  the  axis  of  the  prism.  In  part  of  the  specimen  the  crystals 
are  very  fine  and  radiated. 

8.  Analysis.    By  D.  F. 

Nitrous  acid  was  employed,  instead  of  hydrochloric,  to  decompose  this 
slag.    Magnesia  and  potass  were  not  present.    After  the  precipitation  of  the 

*  The  Byenite  of  Mount  Monzon  descends  steeply  from  the  snow  limit,  and  is  veiy  like 
the  zircon  syenite  of  Norway.  The  hornblende  is  gjeen,  and  accompanied  by  grsins  of 
iron  pyrites.  Tourmaline  also  appears  there  in  crystals,  nuUatingfrom  a  centre.  In  cradu 
and  hollows  of  this  syenite  are  found  Vesuvian,  Oehlenite,  brown  garnet,  Ceylanite  and 
Fassaite,  a  sort  of  augite. 

In  ascending  the  branch  valley  from  Vigo  to  Monzon  (see  plan)  fine  cliffs  of  dolomite  are 
seen  on  both  sides,  and  on  the  left  the  augitic  porphyry,  or  melaphyre,  is  seen  to  underlie 
it ;  higher  up  the  whole  valley  is  strewed  with  blocks  of  syenite  fallen  firom  the  Alp  abore. 

From  beneath  the  height  may  be  seen  a  thick  bed  of  Vesuvian,  from  which  fragmeats 
often  fall,  though  no  one  has  as  yet  been  able  to  ascend  to  it ;  ita  crystals  are  four*sided 
prisms  with  the  terminal  faces  much-modified,  and  are  always  imbedded  in  calc  spsr,  gene- 
rally of  a  blue  colour. 

Cordier  considered  that  the  Gehlenite  is  only  Vesuvian  with  its  crystallizatiGn  impeded  by 
the  presence  of  calc  spar.  There  are  also  brown  crystals  enveloped  in  calc  spar,  with 
neither  end  free,  and  these  are  undistinguishable  from  Vesuvian.  When  they  form  groQps 
together,  they  lose  lustre  and  colour,  and  the  calc  spar  disappears.  The  only  place  where 
it  is  found  is  quite  on  the  west  side  of  the  syenite,  close  to  the  dolomite ;  for  it  is  only  near 
the  edges  that  calc  spar,  which  always  accompanies  these  foreign  minerals,  is  found  in  the 
syenite. 

Above  the  Vesuvian  and  Gehlenite  are  fine  druses  of  Ceylanite  in  crowded  and  generally 
good  dark  octohedrons ;  which  were  probably  at  first  also  imbedded  in  calc  spar,  since  a 
little  of  it,  with  corroded  surface,  sometimes  lies  among  the  crystals.  In  a  similar  msnncr 
the  sort  of  augite  termed  Fassaite  lies  in  calc  spar ;  when  fresh  the  crystals  are  fine  grass- 
green  :  this  augite  is  often  found  on  the  sides  of  Vesuvian  crystals. 

At  Monzon  the  cracks  are  often  covered  with  fine  rhombohedrons  of  chabasite,  and  some- 
times are  slight  traces  of  mesotype,  the  only  zooUtes  found  here ;  though  among  the  other 
zoolites  in  the  Fassa  valley  chabasite  is  not  found. 

The  relations  of  this  syenite  to  the  red  sandstone  and  to  the  porphyry  are  difficult  to 
determine,  from  the  great  steepness  of  the  mountain  on  the  south  side  also. 
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lime,  the  sulpliurio  acid,  prodneed  by  the  oxidation  of  the  lulphur  ejuetiog  as 
inlphurett  was  determined  by  the  addition  of  acetate  of  baryta. 

L  Weight  of  slag  ^i6  grains. 

%  Alumina  2*95. 

3.  Solphate  of  lime  24*27. 

4.  Oxide  of  manganese  0*25. 

5.  Sesquloxlde  of  iron  OSi-, 
6«  Sulphate  of  barytn  l'44v 

Analysis  tabukted.  Per  cent.  Qxygea. 

Silica 45*59  •«.••« 23-68 

Alomioa 11*88 5-18 

•     Lime... 88-20  .»••   10*73"| 

Protoxide  of  manganese  •  •    0*91  «.,»     0*20  >   11*18 
Protoxide  of  iron. ..,,.,.     Ml  .«,.     OiSJ 
Solphuret  of  calcium  «•»*     1*76 
Error  of  lota>»t> .» ,» >«  >«    055 

loooo 

Without  attempting  to  extort  from  the  preceding  atialytleal  results  a  pre* 
dse  atomic  expression,  we  may  state  that  probablv  the  formula  of  Hum- 
boldtiHte,  as  deduced  from  the  analysis  of  Von  Kobell  (Rammelsberg,  2nd 
part,  p.  S08),  nearly  represents  the  constitution  of  thb  shig.    The  formula 

in  question  is  

5R«Si  +  RSL 

We  introduce  Von  Kobell's  analysis  (Rammelsberg,  1st  part,  p.  314)  ^-^ 

Oxygen. 

Silica..,.. 43-96..., 21-83 

Lime ,. 31-96....     8-971 

Magnesia 6-10  .•..     236  >  11*86 

Protoxide  of  iron .  • 2*32....     0-53J 

Alumina 11*20.... 5-23 

Soda 4-28  ,, ,..  1-09 

Potass 0-38 ,..  0-06 

100-20 
ThQ  per-centage  oomposition  calculated  from  the  formula  would  bei— 

SiUca 45-37 

Alumina... •.,..••    12-62 

Xiime 41-99 09*98 

Damour  assigns  a  different  formula  for'  Humboldtilite,  which  he  believes 
to  be  Identical  with  Mellilite*;  and  this  formula  is  precisely  that  which  we 
baye  given  for  the  first  series  of  blast-furnace  slags.  For  the  sake  of  com- 
paffiflOQ  we  subjoin  Damour*s  analyses. 

Mellilite.  Humboldtilite. 

Oxygen. 

SHica 39-27 20*40  .«  40^9 21*19 

Alumina 6*42..   2-901    ^,,^  4-43..  2*06 

Sesquioxide  of  iron. .   10-17..   3*11/  ^  ^^  10-88  ..3-33 

Lime 82*47..   9*121  „.^o  Sl-81  ..8-92.  „., 

Magnesia 6-44  •.   2*50/**^"^  5*75  ..2-22/ ^^  ^* 

PoUws 1-46 0*24  «•     0-36 0-06 

8o(b   1-95 0*52..     4-43 M2 

98*18  98-35 

*  Bapport  Ammd  sur  les  Progies  do  la  Chimief  le  31  Ifanr  1944.  fiitaie  annde.    Par  J. 
Beizdliii8,p.l73.  Psris,1845. 

1846.  8  a 


>  5-39 
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Berzelius  remarks  that  ^*  in  designating  by  r  the  bases  with  1  atom  of 
oxygen,  and  by  R  the  bases  with  S  atoms  of  oxygen,  the  formula  2r  S  +  R  S 
will  be  obtained,  which  expresses  a  somewhat  rare  kind  of  composition.** 

9  and  10. 

The  two  following  specimens  were  communicated  by  M.  Krantz,  the 
well-known  mineralogist  of  Berlin.  They  were  labelled,  Olsberger  Fur- 
naces, on  the  Rhine. 

No.  9  contains  a  drusy  cavity  with  projecting  crystals,  which  are  not  suf- 
ficiently bright  for  measurement  with  the  reflective  goniometer.  Tbej 
appear  to  belong  to  the  oblique  prismatic  system.  They  have  a  single  end- 
face  which  is  not  at  right  angles  to  the  axis  of  the  prism.  Hardness  =  5. 
No.  10  is  a  mass  exhibiting  a  radiated  crystalline  structure,  the  individuals  of 
which  are  too  small  for  measurement.     Hardness  =  5*7. 

To  one  side  of  each  of  these  specimens  are  attached  minute  scales  of 
graphite. 

9.  Analysis  o.    By  J.  P. 

The  three  following  slags  not  being  decomposable  by  hydrochloric  acid, 
the  method  of  fusion  with  a  mixture  of  equal  parts  of  carbonate  of  potass 
and  soda*  was  resorted  to. 

1.  Weight  of  slag  20*16  after  heating  over  a  spirit-lamp  and  cooling  over 
SO^.  Being  extremely  hard,  it  was  broken  between  writing-paper  on  an  iron 
plate,  further  reduced  in  a  steel  mortar,  and  finally  triturated  in  an  agate 
mortar,  and  levigated  until  the  whole  piece  detached  was  reduced  to  im- 
palpable powder.  It  was  fused  with  80  grains  of  the  carbonate  of  potass- 
soda  mixture.    The  fused  mass  had  a  blue-green  colour. 

2.  Silica  10*74. 

3.  Alumina  1*02. 

4.  Sulphate  of  lime  U'SS. 

5.  Phosphate  of  magnesia  5*21. 

6.  Oxide  of  manganese  0*31. 

7.  Sesquioxide  of  iron  0*23. 

8.  Potass.  Weight  of  slag  50*51  grains.  Fused  with  200  grains  of  car- 
bonate of  baryta  and  proceeded  in  the  usual  way.  This  alkali  was  distinctlj 
recognbed  by  the  following  tests : — 

a.  Bichloride  of  platinum  produced  the  characteristic  yellow  granidar 

precipitate. 

b.  Carbazotic  acid,  after  the  lapse  of  a  short  time,  produced  the  charac- 

teristic crystals  of  carbazotate  of  potass. 

c.  No  indication  of  the  presence  of  soda  was  furnished  by  antimoniate 

of  potass. 
A  source  of  error  occurring,  the  weight  of  the  chloride  of  potassium  was  not 
determined ;  however,  it  is  certain  that  the  quantity  must  have  been  very 
small,  less  than  in  any  of  the  preceding  analyses. 

9.  Sulphur  existed  combined  as  sulphuret  in  minute  quantity.  By  the  ac- 
tion of  hydrochloric  acid  a  slight  evolution  of  gas  was  occasioned,  but  it  bad 
the  odour  of  hydrogen  (from  particles  of  iron  detached  from  the  steel  mor- 
tar ?),  obtained  by  the  action  of  an  acid  on  iron ;  the  odour  of  hydrosulphuric 
acid  could  not  be  distinctly  recognised ;  yet  on  suspending  for  some  time  a 
piece  of  moistened  acetate  of  lead-paper  at  the  top  of  a  test-tube  containing 

♦  Prepared  by  cjild"««'*"  -^  -"te  tartrate  of  potass  and  soda. 


6, 

Mean. 

Oxygen. 

53-4.8     . . 

53-37     .. 

27-72 

5-19     . . 

5-12     •. 

2-81 

30-78     . . 

3071     .. 

8-62 

9-54     .. 

9-50     .. 

3-67 

*  •       •  • 

1-4.1     . . 

0-31 

0-89    .. 

0-95     .• 

0^1 
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flome  of  the  powder  of  the  alag  and  hydrochloric  acidi  blackening  was  slowly 
produced.     No  quantitative  determination  of  sulphur  was  made. 

10.  Phosphoric  acid.  The  precipitate  obtained  by  ammonia  (8  in  the 
potass  examination)  was  dissolved  in  hydrochloric  acid,  tartaric  acid  was 
added,  and  then  excess  of  ammonia,  and  finally  chloride  of  magnesium.  After 
standing  many  days  not  a  trace  of  crystalline  precipitate  could  be  detected. 

9.  Analysis  &.    By  J.  P. 

1.  Weight  of  slag  20-21  grains.  Fysed  with  100  grains  of  the  carbonate 
of  potass-soda  mixture. 

2.  SiHca  10-81. 

3.  Alumina  1*05. 

4.  Sulphate  of  lime  14-97. 

5.  Phosphate  of  magnesia  5*26* 

6.  Sesquioxide  of  iron  0*20. 

Analysis  tabulated.  a. 

SiHca 53-27  . . 

Alumina 5-06  . . 

Lime  30-65  . . 

Magnesia    9'4>7  . . 

Protoxide  of  manganese     1-41  .. 

Protoxide  of  iron   ....     1-02  . . 

101-06 

10.  Analysis.    By  D.  F. 

1.  Weight  of  slag  17*54  grains.  Fused  with  80  grains  of  the  carbonate  of 
potass-soda  mixture. 

2.  Silica  9*43. 

3.  Alumina  0*84. 

4.  Sulphate  of  lime  12-43. 

5.  Phosphate  of  magnesia  4*70. 

6.  Oxide  of  manganese  0-24. 

7.  Sesquioxide  of  iron  0*29. 

8.  Potass.  The  slag  was  decomposed  by  digestion  with  fluoride  of  calcium 
and  sulphuric  acid.    Potass  was  not  detected. 

Analyns  tabulated.  Oxygen. 

SUica 53-76  27*93 

Alumina  4-76  2-22 

Lime 29-48  8-28 

Magnesia 9-82  3-80 

Protoxide  of  manganese  . .  1*30  0-29 

Protoxide  of  iron 1-48  0-34 

100-60 

With  the  exception  of  a  few  small  crystals  in  a  drusy  cavity  in  No.  9,  the 
crystallization  of  the  two  preceding  slags  is  confused,  so  that  we  could  scarcely 
hope  to  deduce  from  their  composition  a  satisfactory  formula.  The  oxygen 
of  the  acid  being  nearly  double  that  of  the  bases,  the  slag  is  formed  of  bisili- 
cates,  and  evidently  approximates  very  nearly  in  composition  to  some  varieties 
of  augite  (pyroxene)  containing  alumina.  Several  analyses  of  augite  giving 
about  the  same  per-centage  of  alumina  may  be  found  in  the  first  part  of 

2b2 
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The  surface  of  this  slag  is  covered  with  bright  black  crystals,  exhibitiiig 
occasionally  an  iridescent  tarnish.  The  crystals  belong  to  the  prismatic 
system.  The  normals  to  the  faces  make  the  following  angles  with  each 
other:— «n'  =  49°  24',  nt  =  65^  18',  kk*  =  98°  24',  A/  =  40°  48'.  They 
cleave  readily  parallel  to  a  plane  p,  which  is  perpendicular  to  the  fieuses 
tf  n,  n',  and  makes  equal  angles  with  the  faces  ^,  A'. 

Hardne«  =  6.  At  18»-6  C.     '^f<^S^^^<f^^  4^)805. 

specific  gravity  of  water 


ft' 


t 


13.  Analysis.    By  J.  P. 

This  slag  was  found  to  contain  silica,  protoxide  and  sesquioxide  of  icon, 
protoxide  of  manganese,  alumina,  lime,  magnesia,  sulphur  as  sulphuret,  and 
phosphoric  acid.  It  was  decomposed  by  long  digestion  with  dilute  hydro- 
chloric acid.  The  silica,  however,  obtained  by  this  means  was  more  or  less 
gray ;  and  in  order  to  obtain  it  perfectly  white,  it  was  fused  with  the  car- 
bonafe  of  potass-soda  mixture,  and  the  fused  mass,  which  had  a  bluish-green 
colour,  was  decomposed  with  hydrochloric  acid.  The  solution  was  treated 
with  nitric*  acid  to  peroxidize  the  iron  ;  ammonia  was  then  added  in  slight 
excess,  and  the  ansiysis  continued  in  the  manner  formerly  described.  The 
proportion  of  the  two  oxides  of  iron,  the  phosphoric  acid  and  the  sulphur, 
were  determined  by  separate  analyses,  as  will  be  described  in  the  sequd. 

1.  Weight  of  slaig  20*20  grains,  aflter  drying  in  vacuo  over  SO'  during  48 
hours. 

2.  Silica  5*98.    Repeated  by  Mr.  Forbes ;  20*14  grains  of  slag  gave  5-99. 
S.  Total  amount  of  iron  obtained  as  Fe»  O',  14*63.    The  oxide  of  inm 

contained  a  minute  quantity  of  P^  O^,  which  was  not  removed  by  boiling 
with  potass ;  for  on  redissolving  the  iron  in  hydrochloric  acid>  adding  excess 
of  tartaric  acid  and  afterwards  excess  of  ammonia,  and  lastly,  chloride  of 
magnesium,  a  few  minute  crystalline  grains  appeared  after  standmg  some  days. 
However,  this  error  of  excess  must  be  very  small. 

4*  Oxide  of  manganese  0*256. 

5.  Alumina  0*53.  As  the  alumina  was  precipitated  from  its  solution  in 
presence  of  P>  O^,  and  as  only  a  minute  quantity  of  this  acid  was  retained  by 
the  iron,  the  whole  amount  of  P^  O^  may  be  subtracted  from  the  alumina. 
The  total  P'  O^  obtained  (vide  sequel)  was  1*34  per  cent 

20*2  (slag)  :  0*53  : :  100  :  2*62. 
2-62  —  1-34  =s  1*28  alumina. 
Taking  the  phosphate  alumina  as  4A1^0%  3P>0^  (see  Rapport  Annuel, 
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Berzelinsy  7^^^  annfe,  p.  127,  and  Graham's  Chemistry),  2*62  of  the  salt 
would  contain  1*28  of  alumina. 

6.  Sulphate  of  lime  0^3. 

7.  Phosphate  of  magnesia  0*19. 

8.  Sulphur.  This  determination  was  made  by  Mr.  Forbes  by  fusion  with 
nitrate  of  potass  and  the  carbonate  of  potass-soda  mixture.  20*14  grains 
gave  of  sulphate  of  baryta  0*87*  The  odour  of  hydrosulphuric  acid  could 
not  be  detected  by  the  action  of  hydrochloric  acid  upon  the  powder  of  the 
slag ;  but  on  suspending  for  some  time  a  slip  of  moistened  acetate  of  lead 
paper  in  a  test  tube  containing  some  of  the  powder  of  the  slag  and  hydro- 
chloric acid,  it  became  slightly  brown.  Now,  as  the  slag  contains  sesqui- 
oxide  of  iron,  the  hydrosulphuric  acid  liberated  by  the  action  of  hydrochloric 
acid  upon  any  sulphuret  which  may  be  present,  would  evidently  be  imme- 
diately decomposed,  with  the  separation  of  free  sulphur,  by  the  sesqui- 
chloride  of  iron  which  would  be  formed  at  the  same  time ;  and,  accordingly, 
free  sulphur  was  always  distinctly  recognised  by  its  odour  in  drying  the  silica 
obtained  from  slags  of  this  group.  It  may  perhaps  appear  somewhat  remark- 
able that  sulphuret  of  iron  and  sesquioxide  should  exist  together  in  the  same 
slag ;  the  fact  however  is  certain.  It  may  be  that  the  sulphuret  is  irregu- 
larly diffused,  and  is,  as  it  were,  entangled  in  the  mass.  No  trace  of  sul- 
phuric acid  could  be  detected  by  the  addition  of  baryta  water  to  the  solution 
of  the  slag  in  hydrochloric  acid,  even  after  standing  24  hours. 

9.  Sesquioxide  of  iron.  About  10  grains  were  digested  in  dilute  hydro- 
chloric acid  in  a  well-stopped  flask  over  the  water-bath.  The  necessary 
precaution  of  previously  filling  the  flask  with  carbonic  acid  was  carefully 
observed.  The  clear  supernatant  liquor  was  decanted  rapidly  into  a  stoppered 
phial  containing  excess  of  the  solution  of  chloride  of  gold  and  sodium.  The 
phial  was  well-closed  and  left  for  several  days.  The  metallic  gold  weighed 
3*989  "which  by  the  tables  corresponds  to  4*16  FeO.  The  filtrate  was  deprived 
of  the  excess  of  gold  by  digestion  with  oxalic  acid.  The  iron  was  precipi- 
tated by  hydrosulphate  of  ammonia ;  redissolved  in  hydrochloric  acid ;  per- 
oxidized  by  chloride  of  potass,  and  precipitated  by  ammonia ;  the  precipitate 
was  boiled  with  potass,  redissolved  in  hydrochloric  acid,  and  precipitated  by 
succinate  of  soda  with  the  usual  precaution.  The  sesquioxide  of  iron  weighed 
5-76,  but  from  this  must  be  deducted  4*16  FeO,  estimated  as  Fe^  0>s=4*63 ; 
5.76—4*68=1*13  iron  existing  as  Fe^O'.  The  ratio  of  FeO  to  Fe^O^  is 
4*16 :  1*18.  The  total  amount  of  iron  estimated  as  Fe»  O^  is  72*42  per  cent 
5*76 :  1*18 : :  72*42 :  14*20.  But  0*60  of  S,  as  sulphuret,  was  present  which, 
bj  tables,  gives  2*91  Fe>  O^.  The^  total  amount  of  Fe^  O'  per  cent  is 
14-20-f2-91=l7-11.72*42-17*ll=55*81  Fe^ 03=49*78 FeO,  from  which 
must  be  subtracted  a  quantity  of  Fe  proportionate  to  0*60  S.  This  quantity 
is  1*01—1*01  -|-0*60=l*61=quantity  of  FeS.  101  corresponds  to  1*30  FeO. 
49-78— l-80=48*43=total  FeO  per  cent 

Fe  as  FeO  48*48 
Fe  as  Fe«  O^  17*1 1 
Fe  as  FeS  1*61 

10.  Phosphoric  acid.  Weight  of  slag  20*10.  Proceeded  to  obtain  a  solu- 
tion in  hydrochloric  acid  free  from  silica  in  the  usual  way.  The  tartaric  acid 
process  was  adopted.  The  whole  was  allowed  to  stand  several  days.  The 
ammoniaco-magnesian  phosphate  was  washed  with  cold  ammonia  water. 
Phosphate  of  magnesia  0*42.  Colour  pale  brown  from  a  trace  of  xo^ — 
neae.    Every  trace  of  carbon  was  burnt  out 
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AnalyBiB  tibnUited.  Oxygen. 

•Silica 29-60 15-37 

Protoxide  of  iron   48-43 11-02 

Sesquiojddeofiron 17*11 5-24 

Protoxide  of  manganese*  . .     1-13 0*25 

Alumina 1-28 0*59 

Lime 0*47 0*13 

Magnesia    0*35  ..••••  0*13 

Phosphorio  acid 1*34  ••.•..  0*75 

Sulphuret  of  iron 1*61 

101*32 

These  crystals  closely  resemble  olivine  in  their  form.  The  fkces  of  the 
crvstals  are  denoted  by  the  same  letters  as  the  faces  of  olivine  in  Naamann. 
tyHifiof  Naumann  correspond  top,  c,  b^  of  Phillips  respectively. 

Crystals  similar  to  these  in  form,  composition  and  mode  of  occurrence,  were 
described  by  Mitscherlich  in  the  Annales  de  Chimie,  t  xxiv.  Measurements 
of  crystals  of  the  same  form,  and  a  comparison  of  their  angles  with  those  of 
olivine,  were  given  hv  one  of  the  au^ors  (W.  H.  M.)  of  the  report  in  the 
third  volume  of  the  Transactions  of  the  Cambridge  Philosophical  Sodetv. 

Estimating  the  whole  of  the  iron  as  protoxide,  the  composition  would  be* 

«     •  ■  • 

.  nearly  that  of  Fe*  Si,  the  formula  assigned  by  Thomson  to  the  mineral  from 
Ireland,  named  <<  Anhydrous  silicate  of  iron/'  Now,  this  skg  had  evi- 
dently been  in  a  position  favourable  to  the  absorption  of  oxygen,  namely^ 
the  flue  of  a  puddling  furnace  $  and  we  shall  probably  be  justified  in  sap- 
posing  that)  after  orystallintion  as  silicate  of  protoxide  of  iron,  oxygen  may 
have  been  absorbed)  and  that  the  crystal  may  consequently  be  regarded 
to  a  certain  extent  pseudomorphous.  In  the  case  of  the  following  slagi 
which  is  similar  to  the  one  in  question,  it  was  found  by  experiment  that  the 
powder  of  the  slag  readily  absorbed  oxygen  by  calcination  in  the  air.  If 
this  view  be  admitted,  the  slag  will  in  constitution  as  well  as  form  resemble 
olivine  the  magnesia  of  the  latter  being  replaced  by  protoxide  of  iron* 

14. 

This  slag  was  found  by  Mr.  Twamley  at  the  Bloomfleld  iron-works,  Ttp- 
ton,  in  a  heap  of  calcined  puddling  furnace  slag,  technically  called  ''tap 
cinder."  The  proprietors  of  these  works  have  secured  by  patent  the  appli- 
cation of  calcined  tap  cinder  for  the  beds  of  puddling  furnaces.  It  is  stated 
that,  bv  the  process  of  calcination,  which  is  conducted  in  large  kilns  similar 
to  brick-kilns  during  a  fortnight  or  three  weeks,  the  slag  is  rendered  much 
less  flisible,  and  is  therefore  well-adapted  to  the  purpose  to  which  it  Is  ap- 
plied. The  analysis  will  probably  explain  this  fact  The  heat  of  the  kilns 
appears,  from  an  examination  which  one  of  us  has  made  (J.  P.),  to  be  suffi- 
cient to  soften  and  agglutinate  the  pieces  of  slag  together,  but  not  to  effect 
perfect  fusion. 

This  slag  is  a  mass  of  large  iron-gmy  crystals,  the  faces  of  which  though 
even  are  much  too  dull  to  be  measured  with  the  reflective  goniometer.  The 
general  resemblance  of  their  forms,  however,  to  those  of  No.  12  is  so  dose 
as  to  leave  no  doubt  of  their  crystalline  identity. 

At  1 8-2°  C.     Specific  gravity =4*1885. 

It  attracts  the  magnetic  needle  strongly. 

*  Probably  a  portkmetittad  as  a  luperior  oxide. 
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14.  AvALYBIS.     By  J*  P* 

This  Blag  waa  found  to  contain  the  lame  constitQenta  aa  the  oae  preceding, 
and  the  aiuilysis  was  conducted  in  a  similar  manner. 

1.  Weight  of  dag  21*00  grains. 

2.  Silica  5*01  grains. 

3.  Total  amount  of  iron  obtained  as  Fe^  O  14*44. 

The  oxide  of  iron  in  this  case  after  boiling  with  KO  twice,  was  redissolved 
in  HCl  and  precipitated  by  hydrosulphate  of  ammonia. 

4.  Oxide  of  manganese  1-39.  The  manganese  was  precipitated  as  MnO^ 
by  chlorine  and  ammonia. 

5.  Alumina  with  phosphorio  aeid  1-87.  The  Al<  O  was  precipitated  from 
a  solution  containing  much  more  P^  O^  than  required  for  saturation,  for  tiie 
greater  part  of  the  P*0  had  been  dissolved  out  of  the  iron  precipitate  by 
KO.  "niis  fact  was  confirmed  in  another  case  by  dissolving  the  oxide  of 
iron  after  treatment  by  KO  in  HCl  and  digesting  with  excess  of  hydro- 
sulphate  of  ammonia,  and  testing  the  filtrate  for  P*0*.  Admitting  the 
phosphate  of  alumina,  as  precipitated  by  ammonia,  to  be  4  Al^  O',  SP*  O' 
(Rammelsberg,  Rapport  Annuel,  Berzelius,  7^^^  ann6e,  p.  127),  the  calcu- 
lated proportion  of  alumina  is  0'91. 

^    6.  Sulphate  of  lime  0*186. 
7.  Phosphate  of  magnesia  0*139. 

&  Sulphur.    The  observations  upon  this  element  in  the  preceding  analysis 
eiactly  «pply  to  the  present.    26*14  grains  of  slag  were  fused  with  50  of 
nitrate  of  potass  and  100  of  the  carbonate  of  potasa-soda  mixture.   Sulphate 
of  baryta  0*44. 
9*  Sesquioxide  of  iron. 
h  By  ehloride  of  gold  and  sodium  process.  Weighed  roughly  10  grains. 
Proceeded  precisely  aa  in  the  former  analysis.    Metdlio  gold  8^2. 
Total  quantity  of  iron  as  Fe»  OS  5^85. 
8,  By  Fuchs'a  method  with  pure  copper.    The  neoessary  pvaeautions 
concerning  the  exclusion  of  air  during  solution,  &c.  by  carbonic 
acidt  were  carefully  attended  to.    The  eopper  waa  left  in  the  solu- 
tion during  several  days,  until  the  latter  had  become  colourless. 
Weight  of  shig  25*83  grs.   A  piece  of  eleetro^pe  sheet-copper  waa 
used;  before  immersion  it  weighed  18*176, afterwards  15*815  grs. 

Fe^  O  per  cent,  by  the  first  method  22^5 

Ditto  second  22*61 

But  the  sbig  contains  0*28  per  cent,  of  sulphur,  which  corresponds 
to  1*12  per  cent,  of  Fe^  OS  From  the  preceding  data  the  following 
results  are  obtained  c<— 

FeasFeO S9-8S 

FeasFe^O* 23*75 

leaaFeS 0*62 

10.  Phosphoric  acid. 

1.  By  the  tartaric  acid  process.    Weight  of  slag  25*83.    The  solution 

used  in  the  Fe^  O'  determination  by  Cu  was  employed.  The 
phosphate  of  ammonia  and  magnesia  having  a  brown  colour,  it 
was  redissolved  and  reprecipitated  by  ammonia.  Phosphate  of 
magnesia  2*76. 

2.  The  solution  obtained  in  the  sulphur  determination  was  also  f 

ployed.    Weight  of  slag  26*14.    Phosphate  of  magnesia  2*66* 
ps  O^  per  cent  by  the  first  method  •••.  6*40 
Ditto                       second  ,«.«  6*45 

IVban.*.. • ,*...  6*42 
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11.  Our  friend  T.  H.  Henry,  Esq.  of  London,  determined  the  proportions 
of  several  of  the  ingredients  of  this  slagy  and  has  communicated  to  us  the 
following  results : — 

Si  0»  23-77  per  cent  Fe  0  40-07.  Fe«  0«  22*68  (quantity  corresponding 
to  sulphur  not  added).    Al'O' with  PO*  1-6,    P«  0*6-40. 

Analyns  tabulated.  Oxygen. 

SiUca 23-86     12-41 

Protoxide  of  iron 39-83     9*07 

Sesquioxide  of  iron 23*75     7*28 

Protoxide  of  manganese  . .  6*1 7    1  "38 

Alumina   0*91     0*42 

Lime 0-28     0*08 

Magnesia 0-24*    0O9 

Phosphoric  acid 6-42     3*60 

Sulphuret  of  iron  ....•••. .  0-62 

102-08 

We  regard  tliis  slag  as  similar  in  constitution  to  the  preceding,  the  alumina, 
some  of  the  sesquioxide  of  iron,  and  the  phosphoric  acid  being  present  as^ 
impurity.  The  presence  of  so  large  a  quantity  of  sesquioxide  of  iron  in  this 
slag  is  probably  to  be  explained  by  its  long  exposure  in  the  kiln,  during 
which  it  was  in  a  condition  favourable  to  the  absorption  of  oxygen.  The 
powder  of  the  slag,  when  heated  to  redness  in  a  platinum  crucible,  changes 
colour,  acquiring  a  brown  tint,  and  increases  in  weight.  The  quantity  of 
phosphoric  acid  is  also  remarkable,  and  is  well-deserving  of  the  attention  of 
those  engaged  in  the  smelting  of  iron.  Berthier  has  given  the  analysis  of  a 
refinery  slag  from  Dudley  (Traits  des  Essais,  t.  2.  p.  289),  containing  7*2 
per  cent  of  phosphoric  acid.  It  is  found  that  when  puddling  furnace  slag 
(tap  cinder)  is  worked  with  the  ordinary  ores  of  iron,  such  as  argillaceous 
ore  and  haematite,  the  iron  is  liable  to  be  ^^  cold  short,"  or  possess  tbat 
property  which  is  known  to  be  dependent  upon  the  presence  of  phosphuret 
of  iron.  Now  it  is  evident  that  in  smelting  tap  cinder,  which  will  probably 
always  be  found  to  contain  a  sensible  amount  of  phosphoric  acid,  the  manu* 
facturer  will  be  introducing  into  the  furnace  the  very  element,  in  a  concen- 
trated form,  which  it  is  one  object  of  the  puddling  furnace  to  remove,  namely, 
phosphorus.  An  immense  quantity  of  iron  slag,  far  richer  than  many  iroa 
ores,  is  annually  thrown  away,  and  it  may  be  that  the  presence  of  phos- 
phorus in  sensible  quantity  is  one  of  the  causes  which  prevents  the  resmelUng 
of  thin  slag  with  advantage.  This  fact  has  not  yet  sufficiently  attracted  the 
attention  of  those  engaged  in  the  manufacture  of  iron.  The  discovery  of  a 
method  of  extracting  economically  good  iron  from  these  rich  slags  would  be 
of  great  advantage  to  the  country,  and  could  not  fail  amply  to  reward  its 
author. 

15. 

The  history  of  this  slag  is  doubtful ;  though  it  is  probable  that  it  was 
produced  in  a  puddling  furnace.  It  has  not  yet  been  analysed ;  yet  we  in- 
troduce the  results  of  its  crystallographic  examination  in  order  to  illustrate  a 
new  process  of  admeasurement  of  crystals  of  this  kind,  by  W.  H.  M. 

One  side  of  this  piece  of  slag  is  bounded  by  a  plane  smooth  surface,  on 
which  are  traced  ♦*»'*  «ii*im4»s  of  a  number  of  crystds  packed  dose  together, 
separated  br  '  "d  slag.     Some  of  the  outlines  of  crystals  arc 

rectant!^'^  g  their  obtuse  angles  cut  off  by  parallel  lines. 
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Crystal  in  profile* 


An  attempt  was  made  to  measure  approximately  the 
acute  angle  of  the  rhomb  in  the  following  manner : — 
By  means  of  a  stout  branch  with  an  universal  joint  like 
that  of  WoUaston's  goniometer,  the  slag  was  attached 
to  a  common  six-inch  circular  protractor  graduated  to 
half  degrees,  with  its  plane  surface  upwards,  and  parallel 
to  the  plane  of  the  protractor.  The  protractor  was 
placed  upon  a  table,  having  traced  upon  it  a  fine  straight 
line  longer  than  the  diameter  of  the  protractor.  A  com- 
pound nucroscope,  having  a  spider  line  in  the  focus  of 
the  eye-piece,  was  firmly  fixed  with  its  axis  perpendi- 
cular to  the  table,  and  at  such  a  distance  from  it  as  to 
command  distinct  vision  of  the  plane  surface  of  the 
slag.  By  moving  the  protractor  with  the  sk^  attached  to  it  till  the  images 
of  the  sides  of  Uie  rhomb  formed  in. the  microscope  successively  coincided 
with  the  spider  line,  and  reading  off  the  degrees  and  minutes  at  which  the 
protractor  met  the  line  traced  on  the  table,  the  angle  is  obtained  through 
which  the  protractor  has  been  turned  between  the  two  observations ;  or,  the 
angle  of  the  rhomb.  The  values  of  the  angle  A  C  B  thus  observed  were,— 
77^,  79°  45',  81°  SC,  80°,  78°  15',  79°  15^,  T7''  45',  78°  20',  82°  6',  80°  50', 
77°  SC,  80°,  80°  15'.  Such  a  method  of  observation  is  obviously  insuffi- 
cient for  the  identification  of  a  crystalline  species ;  yet  renders  it  probable 
that  these  crystals  are  the  same  as  No.  IS,  a  section  of  which,  by  a  plane 
perpendicular  to  A  A',  would  produce  a  rhomb  of  81°  S6'. 

At  18°-1  C.  specific  gravity  of  slag  =  3"9984. 

We  conclude  our  present  report  by  the  cry-* 
stallographic  description  of  an  interesting  slag 
obtained  from  the  gold  and  silver  refinery  of 
Messrs.  Betts  of  Birmingham.  The  matrix  is 
very  heavy,  and  probably  difiers  considerably  in 
eomposition  from  the  minute  crystals  in  question, 
which  appear  to  be,  as  it  were,  sublimed  upon  the 
surface,  and  of  which  it  is  impossible  to  obtain 
sufficient  for  analysis. 

The  surface  of  this  is  studded  with  numerous 
extremely  small  black  bright  crystals  belonging  ^*^  ®^  crytUL 
to  the  oblique  prismatic  system.  The  angles 
between  normals  to  the  faces  are  mm'  73°  10', 
pp'  86°,  mp  29°  42*.  The  edge  in  which  pp* 
intersect  makes  an  angle  of  nearly  46°  30'  with 
the  intersection  of  m,  m'*.  For  a  portion  of  the 
slag  having  crystals  adhering  to  it,  at  I9°'l  C. 

specific  gravity  of  slag  =  6'3802. 

We  have  remaining  an  extensive  series  of  slags  from  various  metallurgical 
works,  which  we  have  not  yet  had  time  to  investigate,  but  we  hope  to  be  able 
to  continue  our  labours  in  thb  department,  and  to  present  to  the  Association 
a  second  report  at  no  distant  period.    We  have  several  specimens  of  beauti- 
fully cryst^lized  octahedral  or  magnetic  oxide  of  iron,  and  many  other 
crystals  from  the  copper  furnaces.     We  take  this  opportunity  of  p'" 
thanking  those  gentlemen  who  have  obligingly  contributed  to  our  cr 
and  of  inviting  any  others,  who  may  have  the  opportunity,  to  fu' 
views  in  a  similar  manner  by  the  contribution  of  specimens. 

*  I  cannot  find  any  mineral  having  the  same  or  nearly  the  same  ap'^* 
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Addenda  to  Mr^JBirt't  JR90H  PM  4imtplmic  Waives. 

The  following  table  exhibits  the  distribution  of  pressure  on  the  transit  of 
the  crest  of  the  great  wave,  Noy.  18, 1842,  with  especial  reference  to  the 
wave,  crest  No.  4,  including  St.  Petersburgh  as  a  station. 

Table  XVII. 


»WI' 


Baron.  piuiM. 


Mio. 


Ifai. 


Min. 


StatiAn, 


M6^M9. 


The  Orkneys  ••• 

Coric , 
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X  thfl  highest  retding  at  these  stations  on  this  day. 

Altituds  of  SQterior  slope.    8t.  Petonbuigh  to  London  •OS 
(A  vQry  obllqn^  ss^n.) 

Altitude  of  posterior  slope.    Cork  to  London  *8A 
(The  posterior  trough  was  doubtleif  some  distsii^e  north-west  of  Qrest  Britain  luid  Ireland* 

November  22.  Though  between  wavet  7  imd  9.^The  trou^  now  tnwa^ 
its  St  Petenburgh,  crest  No.  9  now  transits  Christiapia.  We  have  already 
noticed  that  crests  7  and  1 1  were  sm^  wftves ;  abstracting  themt  ve  have  thm 
snccession  pf  large  waves  thus,  Nos,  I,  3,  5«  9,  Wbea  crest  No.  \  trnvened 
England  on  the  1st.  its  interior  trough  extended  beyond  Stt  Fet^nsbnigh; 
when  crest  No.  S  traversed  Sngbind  on  the  10tb>  its  wterior  trough  aluo  esfr 
tended  beyond  St  Petersburgh ;  when  crest  Not  5  passed  the  Orkneys  on  the 
15th,  its  anterior  trough  passed  St  Petorsbui^h ;  and  when  crest  No.  9  passes 
Christiania  (this  day),  its  anterior  trough  passes  Stt  Petersburgh.  These  facts 
deariy  show  the  gradual  contmctiao  pf  the  w»ves  or  oppositely  dmcted  bed* 
of  parallel  currents. 

Oenmd  CkmehisUm* 

It  will  be  readily  apparent  from  the  collation  of  Mr,  Brown's  with  the  SU 
Petersburgh  observations,  that  the  results  arrived  at  in  thq  preceding  discus- 
sion have  been  f^Hy  confirmed,  and  there  appeajn  to  be  but  little  doubt  Uiat 
the  waves  as  determined  in  the  first  instance  by  a  discussion  iof  observatioiw 
fVom  the  stations  announced  in  my  first  report  (Report,  1944i  page  867 )» and 
further  identified  and  illastrated  by  the  observations  coUecled  by  Mr«  BmnhIs 
m  well  as  those  which  have  been  brought  to  light  by  meana  of  Mn  Brown*a 
observational  and  confirmed  and  illustrated  by  the  St  Petefsbuigb  obs^rvit* 
dons,  had  a  real  existence;  an  indmduMty  has  been  attributed  to  certain 
arrangements  of  aerial  currents  and  distribution  of  pressure  in  connexioii 
with  such  currents,  the  aggregate  phssnomepa  forming  an  atmospheric  wave* 
Of  the  waves  thus  brought  to  liglity  two  occupy  very  prominent  positions  ; 
they  stand  out  as  it  were  from  the  others ;  the  individuality  of  each  is  very 
striking,  and  the  velocities  with  which  they  traversed  the  area  isolate  theca 
from  tJieir  predecessors  and  exhibit  them  not  as  gregarious,  but  solitary  waves. 
These  waves  are  B^  and  crest  No.  4,  the  first  occurring  just  previous  to  the 
setting'in  of  the  great  wave,  and  the  last  forming  its  crown.  The  wavei  crest 
No.  4,  appears  from  it9  elevated  position  on  the  s]^mmetrical  or  normal  wave, 
admirably  adapted  to  crown  our  investigations  with  success,  especially  in  ao 
far  as  its  amplitude,  velocity  and  path  are  concerned,  we  are  noW;  I  appre* 
hend>  in  possession  of  materials  to  determine  with  a  considerable  approzimi^ 
tion  to  accuracy,  these  elements.  Its  bngitudinal  direction  appears  to  have 
been  very  extensive.  This  element  would  receive  considerable  elucidatioa 
by  means  of  observations  from  the  south  of  France,  Spain,  Portugal  and  the 
north  of  Africa.  It  is  highly  probaUe  that  this  wave  in  Uie  direction  of  its 
length  itretehed  from  the  extreme  south  to  the  very  north  of  Enrope* 
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On  the  Prineiple  of  Cantimnty  in  reference  to  certain  Results  of  Analysis* 

By  Professor  Young,  Belfast. 

The  principal  object  of  this  paper  is  to  examine  into  the  influence  of  the  law  of 
continuity,  as  it  affects  the  extreme  or  limiting  values  of  varying  functions,  and  to 
exhibit  some  remarkable  verifications  of  the  mathematical  axiom  that  "  what  is  true 
up  to  the  limit  is  true  at  the  limit." 

Much  error  and  confusion  exists  in  the  writings  of  analysts,  more  especially  in  those 
of  Cauchy  and  Poisson,  in  consequence  of  the  imperfect  views  generally  entertained 
in  reference  to  the  principle  of  continuity,  whenever  extreme  or  ultimate  values  of  a 
variable  come  under  consideration.  In  certain  infinite  series  where  the  condition 
of  continuity  avowedly  prevails,  it  is  the  common  practice  to  neglect  this  principle  in 
the  limiting  cases,  and  to  treat  such  cases  as  if  they  were  entirely  isolated  and  un- 
connected with  the  general  forms  to  which  they  really  belong ;  whilst  in  other  classes 
of  series,  those  namely  that  have  been  called  periodic,  as  also  in  definite  integrals 
involnog  periodic  quantities,  it  is  a  practice  equally  common  to  introduce  the  condi-* 
tion  of  continuity  wnere  in  fact  it  has  no  legitimate  existence.  Many  false  conclusions 
have  thus  obtained  currency  in  analytical  writings,  and  it  is  the  aim  of  the  paper,  of 
which  this  is  a  very  brief  abstract,  to  'inquire  into  the  sources  of  these  errors,  and  to 
supply  the  requisite  corrections. 

As  respects  series,  for  instance,  it  is  shown  that  the  limiting  cases  of 

T  '^'o  "^^  "^ ^  ^^f'*  corresponding  to  «  =  1  and  4;  =  -*  1, 

are  very  different  from  what  Cauchy  and  other  writers  affirm  them  to  be.  Cauchy 
says,  that  when  these  limits  are  reached,  the  series  will  be  divergent  in  the  first  case, 
and  convergent  in  the  second :  but  it  is  proved  in  the  paper  adverted  to,  that  "  if  x 
ascend  from  an  inferior  numerical  value  (that  is  from  a  fractional  value  either  positive 
or  negative),  up  to  x  ^  1  or  x  =  —  1,  the  limiting  cases  will  both  be  convergent, 
like  aS  the  preceding  cases ;  but  if  the  same  limits  be  reached  through  descending 
values  of  the  variable,  the  extreme  cases  will  then,  on  the  contrary,  be  divergent." 
In  like  manner  the  limit  of  the  series 

1  +«  +  2«'  +  2.  3x»+2.  3.  4«*+&c.  ciiif/ 

when  4;  arrives  at  zero,  and  which  is  said  by  Cauchy  to  be  equal  to  1,  is  proved  to  be 
in  reality  equal  to  a  quantity  infinitely  great. 

The  errors  of  Caucny  arise  from  his  neglecting  the  influence  of  continuity  in  these 
limiting  cases:  the  errors  of  Poisson,  in  his  researches  into  the  theory  of  periodic- 
series  and  definite  integrals  in  the  '  Journal  de  TEcole  Polytechnique,'  and  in  his 
'  Th^orie  de  la  Chaleur,'  are  of  a  directly  opposite  character :  they  arise  from  his 
arbitrarily  introducing  continuity  where  no  such  principle  exists.  Poisson  admits 
that  periodic  series  and  periodic  integrals  are  in  themselves  indeterminate ;  but 
he  considers  himself  at  liberty  to  overrule  this  indeterminateness,  by  introducing 
into  the  teries  the  ascending  powers  of  a  quantity  infinitely  little  different  from  unity, 
and  by  introducing  into  the  integral  the  arbitrarv  multiplier  e  "~  o  '.  By  means  of  this 
u  a  warrantable  artifice  the  periodicity  is  in  both  cases  destroyed :  the  series  is  ren- 
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dered  convergent  instead  of  periodic,  and  the  integral  is  rendered  determinate  ii 
of  indeterminate. 

To  avoid  the  recurrence  of  these  errors,  it  is  proposed  to  divide  infinite  series  and 
definite  integrals  into  two  classes,  those  which  are  dependent  upon  some  condition  of 
continuity,  and  those  which  are  altogether  independent,  orneutral,  Hutton  restricted 
the  term  neutral  series  to  the  form  1  —  1  +  ^  —  l+i  ^c*>  because  of  its  being  neither 
convergent  nor  divergent.  It  is  here  proposed  to  extend  the  signification  of  this 
term,  so  as  to  have  no  especial  reference  to  convergency  or  divergency :  a  strictly 
neutral  series  may  be  either  convergent,  divergent,  or  periodic. 

Some  controversy  has  arisen  of  latie  respecting  Poisson's  theory  of  definite  integrals, 
and  certain  forms  have  been  condemned  as  erroneous  which  are  really  correct.  Thna 
the  integrals 


Ao  sin  ax  .       .  /So  cos  ox  _ 
Jo     IT  ^  ^^Jo  Y+1^  ^ 


have  been  recently  afiSrmed  to  be  indeterminate,  which  they  are  not.  The  second  of 
these  however  has  been  investigated  by  Legendre,  Gregory  and  others,  by  methods 
altogether  objectionable,  as  is  fully  shown  in  the  present  paper.  A  correct  process 
for  obtaining  the  proper  determinate  result,  has  been  given  by  Sir  W.  R.  Hamilton 
in  his  paper  on  Fluctuating  Functions,  in  the  nineteenth  volume  of  the  Transactions 
of  the  Royal  Irish  Academy.  The  ordinary  investigations  of  the  first  of  the  pre- 
ceding forms  are  correct,  although  objected  to  in  a  paper  in  the  recently  published 
part  of  the  Cambridge  IVansactions,  yet  the  conclusions  obtained  by  Euler,  Fourier. 
roissoUi  and  indeed  by  analysts  generally,  in  reference  to  this  integral,  are  affected 

with  error :  the  values  of  the  integral  are  always  stated  to  be   -*  ^>  —  — #  accdrding 

as  the  constant  a  is  positive,  zero,  or  negative. 

It  is  easily  shown  however,  by  a  reference  to  the  law  of  continuity,  that  the 
middle  one  of  these  values,  viz.  0,  has  no  existence ;  for  if  «  become  zero  by  vanish- 
ing j)on^iotf/y,  the  value  of  the  integral  is  still  •^;  and  if  it  become  zero  by  vanishing 

negatively,  the  value  is  —  - . 

Among  the  collateral  topics  discussed  in  the  present  paper,  notice  is  taken  of  tlie 
method  proposed  by  Deflers,  and  so  often  quoted  by  Poisson,  for  verifying  the  well- 
known  integral  theorem  of  Fourier ;  this  method  has  been  properly  objected  to  by  Mr. 
De  Morgan,  as  involving  an  inadmissible  principle :  by  a  little  modification,  sug- 
gested by  the  theory  unfolded  in  this  paper,  the  defect  is  removed,  and  Deflers'  short 
and  ingenious  proof  of  Fourier's  remarkable  theorem  rendered  conclusive. 

The  paper  terminates  with  some  observations  on  what  is  called  dUeontinuUy,  a  term 
which  it  is  thought  is  often  injudiciously  and  unnecessarily  employed  in  analysis. 
It  is  suggested  that  expressions  called  discontinuous  may  generally  be  contemplated 
with  advantage,  as  consisting  of  distinct  continuities  embraced  in  a  single  form.  An 
instance  of  this  is  shown  in  the  consideration  of  definite  integrals  of  the  form 

I  -^,  which  are  treated  by  Poisson,  in  the  eighteenth  cahier  of  the  Journal  of 

the  Polytechnic  School,  but  whose  conclusions  are,  by  this  mode  of  viewing  the 
integral,  shown  to  be  erroneous.  The  entire  paper  will  probably  be  published  in  the 
Cambridge  Transactions.  __^« 

LeUer^  an  the  Deviation  of  FcUling  Bodies  firom  the  Perpendicular^  to 
Sir  John  Herschsl,  Bart.,  from  Prof*  Oersted. 

The  first  experiments  of  merit  upon  this  subject  were  made  last  century,  I  think  in 
1793,  by  Professor  Guglielmini.  He  found  in  a  great  church  an  opportunity  to 
make  bodies  fall  from  a  height  of  231  feet.  As  the  earth  rotates  from  west  to  csast, 
each  point  in  or  upon  her  describes  an  arc  proportional  to  its  distance  from  the 
axis,  and  therefore  the  falling  body  has  from  the  beginning  of  the  fall  a  greater  ten* 
denc^  towards  east  than  the  point  of  the  surface  which  is  perpendicularly  below  it; 
thus  it  must  strike  a  point  lying  somewhat  easterly  from  the  perpendicular.  Still,  the 
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difference  it  to  tmall,  that  great  heights  are  necetsary  for  giving  only  a  deviation  of 
some  tenth-parts  of  an  inch.  The  experiments  of  Guglielmini  eave  indeed  such  a 
deviation ;  but  at  the  same  time  they  gave  a  deviation  to  the  south,  which  was  not  in 
accordance  with  the  mathematical  calculations.  De  la  Place  objected  to  thete  expe- 
riments, that  the  author  had  not  immediately  verified  his  perpendicular,  but  only  soma 
months  afterwards.  In  the  beginning  of  this  century,  Dr.  Benzenberg  undertook  new 
experiments  at  Hamburg  from  a  height  of  about  240  feet  The  book  in  which  he  de« 
Bcribee  his  experiments,  contains  in  an  appendix  researches  and  illustrations  upon  the 
subject  from  Uauss  andOlbers,  to  which  several  abstracts  of  older  researches  are  added. 
The  paper  of  Gauss  is  ill-printed,  and  therefore  difficult  to  read ;  but  the  result  is, 
that  the  experiments  of  Benxenberg  should  give  a  deviation  of  3'95  French  lines. 
The  mean  of  his  experiments  gave  3*99 ;  but  they  gave  a  still  greater  deviation  to 
the  south.  Though  the  experiments  here  quoted  seem  to  be  satisfactoiy  in  point  of 
the  eastern  deviation,  I  cannot  consider  them  to  be  so  in  truth ;  for  it  is  but  right  to 
state  that  these  experiments  have  considerable  discrepancies  among  tliemselves,  and 
that  their  mean  therefore  cannot  be  of  great  value.  In  some  other  experiments  made 
afterwards  in  a  deep  pit,  Dr.  Benzenberg  obtained  only  the  easterly  deviation ;  but 
they  seem  not  to  deserve  more  confidence.  Greater  faith  is  to  be  placed  in  the  ex- 
periments tried  by  Professor  Reich  in  a  pit  of  540  feet  at  Freiberg.  Here  the  easterly 
deviation  was  also  found  in  good  agreement  with  the  calculated  result ;  but  a  con^" 
siderable  southern  deviation  was  observed.  I  am  not  sure  that  I  remember  the  num- 
bers obtained ;  but  I  must  state  that  they  were  means  of  experiments  which  differed 
much  among  themselves,  though  not  in  the  same  degree  as  those  of  Dr.  Benzenbeig. 
Professor  Reich  has  published  his  researches,  an  abstract  of  which  is  to  be  found  in  Pog- 
gendorff 's  <  Annalen  der  Physik.'  After  all  this  there  can  be  no  doubt  that  our  know- 
ledge upon  this  subject  is  imperfect,  and  that  new  experiments  are  to  be  desired ;  but 
these  are  so  expensive,  that  it  is  not  probable  that  they  would  be  performed  with  all 
means  necessaiy  to  their  perfection  without  the  concurrence  of  ihe  British  Associa- 
tion.  I  will  here  state  the  reasons  which  seem  to  recommend  such  an  undertaking. 
1.  The  art  of  measurement  has  made  great  progress  in  these  later  times,  and  is  here 
exercised  in  great  perfection.  2.  All  kinds  of  workmanship  can  be  obtained  here  in 
the  highest  perfection.  I  think  it  would  not  be  impossible  to  nave  an  air-tight  cylinder 
of  some  hundred  feet  high  made  for  the  purpose.  This  would  indeed  be  expensive, 
but  it  would  present  the  advantage  that  the  experiments  could  be  made  in  the  vacuum 
and  in  different  gases.  3.  Witn  these  experiments  others  could  be  connected  upon 
the  celerity  of  the  fall  and  the  resistance  opposed  to  it  by  the  air  and  by  gases,  rro* 
feasor  Wheatstone's  method  for  measuring  the  time  would  here  be  of  great  use. 
4.  If  the  southern  deviation  should  be  confirmed,  experiments  could  be  tmdertaken  in 
order  to  discover  in  how  far  this  could  be  effected  by  magnetism  in  motion.  For  this 
purpose  balls  of  different  metals  might  be  tried.  Very  moveable  magnetical  needles, 
well-sheltered,  but  placed  sufficiently  near  to  the  path  of  the  falling  bodies,  would 
indicate  magnetical  effects  induced  in  them. 


On  certain  Crises  of  Elliptic  Polarization  of  Light  by  Reflexion. 
By  the  Rev.  Professor  Powell,  V.P.B.A* 

From  the  principle  investigated  by  Fresnel,  that  polarised  light  changes  its  plane  in 
reflexion,  by  a  certain  law  dependent  on  the  incidence,  for  transparent  media,  and  the 
extension  of  a  similar  law  to  the  reflexion  from  the  second  surface  by  Sir  D.  Brewster 
(Phil.  Trans.  1830),  other  formulae  were  obtained  by  the  last-named  philosopher  to 
express  the  varied  phaenomena  observed  by  himself  (Phil.  Trans.  1841),  in  the  re* 
flexion  of  polarized  figlit  from  ihinfilmi^  in  extension  of  those  previously  investigated 
by  Mr.  Airy  and  M.  Arago.  The  whole  subject  was  reduced  to  the  principles  of  the 
undulatory  theory  by  Dr.  Lloyd  (Brit  Assoc.  1841,  Sect.  Proc.  p.  26),  who  pointed 
out  the  further  theoretical  result,  that  owing  to  the  difference  of  pnase  or  retardation, 
thus  produced  in  the  two  portions  into  which  the  reflected  lieht  is  divided,  polarized 
light  reflected  by  a  thin  plate  will  in  general  become  ellipticiuly  polarized  *. 

*  This  deduction,  though  stated  in  the  report  given  in  the  Athenttum,  is  omitted  in  the 
Tolome  of  the  Association. 
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It  Is  certain  however  that  in  a  great  number  of  eases  of  thin  plates  examined  by 
the  author  of  this  communication  no  ellipticity  can  be  detected.  Glass  sujierfidaUy 
decomposed  and  givine  brilliant  tints  proauces  no  ellipticity,  except  in  those  instances 
where  it  has  a  decided  metallic  lustre.  Vapour  condensed  on  soaped  glaas  (in  the 
manner  described  by  Sir  D.  Brewster),  oils  of  turpentine,  cassia,  &c.  between  glass 
plates  (the  upper  being  sliehtl^  prismatic  to  separate  the  reflexions),  are  equally  de- 
Toid  of  any  indication  of  eSioticity. 

The  theory  therefore  clearly  needs  some  further  modification  to  express  the  condi- 
tions under  which  the  effect  may  be  sensible. 

There  are  doubtless  many  cases  of  thin  plates  in  which  elliptic  polarization  if  pro- 
duced (as  in  the  films  formed  by  Nobili's  process  and  by  heat,  as  mvestigated  by  the 
author  of  this  communication,  or  again,  as  m  mica  which  has  become  laminated,  &c.), 
but  in  these  cases  the  modus  operandi  is  well  understood ;  the  former  arising  from  the 
enormous  refractive  power,  in  the  latter  from  the  crystalline  structure. 

In  the  instance  of  China  ink  observed  by  the  author,  the  ellipticity  appears  equally, 
whether  it  be  in  die  form  of  a  film  or  in  a  solid  mass ;  but  it  is  only  seen  m  the 
purest  specimens. 

In  the  numerous  other  cases  examined  by  Mr.  Dale  it  does  not  appear  that  any 
thing  like  films  can  be  supposed ;  the  only  condition  seems  to  be  the  high  refinactive 
power. 

It  may  still  be  a  question,  then,  whether  the  theory  proposed  independently  bv  M. 
Cauchy  and  by  Mr.  Tovey  be  not  more  easily  applicable;  since  it  requires  notning 
but  the  very  simple  and  admissible  hypothesis,  that  the  tnohculet  of  ather^  for  a  minute 
depth  within  the  surface,  are  umymmetricaUy  distributed* » 

In  various  substances  containing  but  a  very  small  proportion  of  metal,  ellipticity 
has  been  detected,  in  addition  to  those  enumerated  by  the  author  on  a  former  occa- 
sion. Among  these  are  prussian  blue,  and  a  specimen  of  the  meteorite  from  the  Cape 
of  Good  Hope,  1 839,  which  contains  only  about  33  per  cent,  of  protoxide  of  iron,  very 
small  portions  of  oxides  of  nickel  and  chrome,  and  a  minute  trace  of  metallic  ironf. 


On  the  Bands  formed  by  parHallnierception  of  the  Prisma^  Spectrum* 
By  the  Rev.  Professor  Powell,  VJ^.B^. 

In  the  discussion  X  relative  to  these  bands  one  or  two  points  suggested  themselves 
which  appear  to  need  further  remark. 

The  principal  objection  was,  that  according  to  the  theoretical  formula,  a  contraC'- 
Hon  of  the  aperture  of  the  eye  or  telescope  should  produce  an  enlargement  of  the  in- 
tervals between  the  bands,  which  is  not  confirmed  by  experiment. 

The  author  finds  that  with  a  contraction  down  to  the  twentieth  of  an  inch,  thoogh 
fhere  is  no  sensible  enlargement  of  the  intervals,  yet  the  bands  become  greatly  more 
vivid  and  distinct,  while  they  extend  only  over  a  smaller  portion  of  the  spectrum  at  a 
time§. 

With  the  same  plate,  the  enlargement  of  the  intervals  appears  to  depend  solely  od 
the  increase  in  the  angular  extent  of  the  spectrum  subtended  at  the  eye,  whether  pro- 
duced by  a  greater  distance  from  tlie  origin,  a  greater  prismatic  angle,  higher  di- 
spersion, or  greater  power  in  the  telescope. 

The  formula  involves  the  ratio  of  the  semi*aperture  to  the  distance  of  an  assumed 
point  on  the  retina  from  the  geometrical  image  of  the  point  of  light;  and  this  "dif- 
fusion" being  no  arbitrary  supposition,  but  a  direct  portion  of  the  theory,  it  seems  un- 
reasonable to  pronounce  it  <*  untenable"  and  "  quite  inadmiaiible,"  when  the  question 
at  issue  is,  whether  the  theory  as  a  whole  will  apply  to  the  phtenomena. 

Apart  from  all  theory,  when  under  certain  conditions  bands  are  formed  equally 
whether  the  plates  be  applied  at  one  end  of  the  spectrum  or  at  the  otlier,  "  polarity'* 
seems  an  improper  term  oy  which  to  describe  the  effect. 

*  See  the  author's  Treatise  on  the  Undulatory  Theory,  &c.,  p.  33. 
t  See  Phil.  Tnna.  1839,  i.  86. 
i  See  BriL  Assoc.  1845,  Sectional  Proceedings,  p.  7. 

(  Both  these  resulu  have  since  been  shown  to  be  in  perfect  accordance  with  theory  bT 
Mr.  Airy.— Phil.  Mag.  Nov.  1846.  ' 
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On  aUmpii  to  explain  the  tqppareni  prqfeedon  ^a  Star  on  the  Moon* 
By  the  Rer.  Professor  Powsll,  v.P.B^ 

Some  remarks  having  been  brought  forward  at  the  last  meeting*  relative  to  the  sin- 
gular phaenomenon  above  named,  in  which  "  diffraction "  was  referred  to  as  at  least 
in  a  general  sense  likely  to  afford  an  explanation,  the  author  of  this  communication 
conceived  that  some  observations  he  has  made  might  have  a  bearing  on  the  question. 

"  Diffraction "  has  often  been  appealed  to  in  cases  apparently  of  the  same  class, 
but  in  the  more  strict  and  limited  sense  of  the  term  it  cannot  apply,  since  both  the 
conditions  and  the  resulting  phsenomena  appear  essentially  different. 

The  phsenomdna  properly  ascribed  to  "  diffraction"  exhibit^in^ref,  and  suppose  the 
edge  of  the  intercepting  body  to  be  toithin  the  area  of  the  rays. 

But  there  are  some  effects  of  a  concomitant  kind  which  have  been  less  attended  to. 
One  of  the  most  remarkable  of  these  is  that  described  by  Newton  (Opt.  bk.  iii.  pt.  1. 
obs.  5,  6, 7),  in  which  the  light  admitted  through  a  hole  a  quarter  of  an  inch  in  dia- 
meter, falling  on  the  edge  Si  an  opake  body,  besides  the  phsenomena  since  called 
''diffraction,"  gave  rise  to  long  streaks  or  ''trains"  of  light  darting  into  the  shadow 
perpendicular  to  the  edge  and  shown  on  a  screen ;  or,  when  the  eye  was  substituted, 
producing  a  luminous  line  running  along  the  edge,  between  it  and  the  first  fringe. 

The  author  has  repeated  this  experiment  in  a  different  manner,  and  though  m  the 
original  experiment  the  edffe  is  within  the  area  of  the  rays,  yet  a  part  of  the  same  phee- 
nomenon  (viz.  the  line  of  light  along  the  edge)  is  seen,  even  when  the  edge  is  beyond 
the  rays,  by  the  naked  eye,  or  with  a  telescope. 

When  the  origin  of  light  is  reduced  to  a  mere  point  (as  by  using  the  sun's  rays  re- 
flected from  a  very  small  globule  of  mercury)  and  the  rays  are  wholly  intercepted  by 
a  small  circular  opake  disc  at  the  distance  of  about  2  inches,  so  that  both  the  luminous 
point  and  the  disc  may  be  seen  at  once  in  focus  by  a  small  telescope  about  12  feet  dis- 
tant, the  bright  line  is  reduced  to  a  luminous  patch  on  the  edge  of  the  disc  at  the  part 
nearest  the  luminous  point  which  appeared  to  extend  to  a  small  distance  inwards,  and 
then  the  rays  converging  crossed  ana  diverged  again  faintly.  This  might  possibly  be 
regarded  as  affording  some  experimental  imitation  of  the  case  of  the  star :  the  origin 
is  not  an  absolute  point ;  but  if  it  were,  the  patch  of  light  on  the  disc  might  appear 
like  a  projection  of  its  image. 

Another  explanation  has  been  proposed  of  the  phsnomenon  of  projection,  on  the 
principle  that  owing  to  aberration^  the  star  being  seen  out  of  its  tnie  place,  a  screen 
placed  in  its  true  airection,  as  the  moon,  would  exhibit  the  star  projected  on  its  disc 
(Royal  Astron.  Soc.  Reports,  voL  vi.  p.  246) ;  and  taking  into  account  the  proper  mo- 
tions of  the  stars,  tliis  would  exi)lain  the  appearance  of  the  pheenomenon  in  one  instance 
and  not  in  another,  on  the  supposition  that  those  proper  motions  are  in  opposite  direc- 
tions in  the  two  instances.  But  this  will  not  apply  in  the  very  instance  to  which  re- 
ference has  been  made,  of  the  two  stars  119  and  120  Tauri,  which  have  proper  motions 
both  in  the  same  direction ;  also,  the  principle  of  this  explanation  is  rendered  ques- 
tionable altogether  from  what  has  been  lately  suggested  by  Prof.Challis  on  the  theory 
of  aberration. 

The  whole  subject  is  perhaps  not  yet  ripe  for  explanation,  since  the  first  astro- 
nomers are  so  much  at  variance  as  to  the  facts,  the  appearance  having  been  frequently 
seen  by  one  observer  and  not  by  nnother ;  while  it  is  believed  by  some  to  occur  or 
not,  according  as  the  attention  is  directed  to  the  moon  or  to  the  star;  which,  if  true, 
would  seem  to  point  to  some  ocular  cause.  Hence  a  further  accumulation  of  in- 
stances is  much  wanted,  any  statements  of  which  the  author  of  this  paper  would  be 
thankful  to  receive  addressed  to  him  at  Oxford. 


On  ElUptic  Polarization,    By  Mr.  Dale. 

The  paper  which  I  have  to  read  to  the  Section  relates  to  some  new  observed  facts 
in  the  subject  of  elliptic  polarization,  which  appear  to  point  out  the  physical  element 
on  which  depends  the  different  action  of  metals  on  light,  as  compared  with  transparent 
substances  in  general.  They  have  already  been  communicated  to  the  Ashmolean 
Society  at  Oxford,  but  I  have  been  induced  to  bring  them  forward  at  present,  with  a 

*  BriL  Assoc  Report,  1845,  Sect.  Proc  p.  5. 
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view  of  more  readily  gaining  for  them  tbe  notice  of  thoee  interested  in  ofptica.  This 
peculiar  action,  it  ^fi  be  remembered,  is  of  this  kind :  fint,  that  the  metals  (and 
metallic  sulphurets,  &c.)  have  no  angle  of  complete  polarization  for  common  light ; 
and  secondly,  that  a  plane  polarized  ray  becomes  elliptically  polarized  after  reflexion 
from  their  surfaces,  whereas  it  remains  plane  polarized  after  reflexion  from  glass  and 
such  like  bodies.  Endeavours  hare  naturally  been  made  to  account  for  these  phaeno- 
mena  on  the  principles  of  the  undulatory  theory ;  and  always,  apparently,  on  the  suppo- 
sition that  the  laws  of  reflexion  from  transparent  (uncrystallized)  bodies  were  already 
rigorously  given  by  Fresnel's  formulae,  but  that  a  new  and  distinct  theory  was  required 
for  metallic  reflexion :  thus  assuming  that  the  two  classes  of  phsenomena  were  ab- 
ruptly separated,  without  any  intermediate  links  of  connexion.  It  lias,  indeed,  long 
been  known  that  several  transparent  or  translucent  substances  have  no  angle  of  com- 
plete polarization.  Thus  Biot  (Trait^  de  Physique,  iv.  288)  has  excepted  sulphur 
and  the  diamond;  and  Sir  John  Herschel  (Optics,  Art  845 ;  see  also  831)  exdadea 
fit>m  the  general  rule,  besides  the  metals,  those  substances  which  have  the  adamantine 
lustre ;  wnich  term  is  applied,  in  Mohs*s  system  of  crystallography,  to  several  of  the 
minerals  to  be  presently  spoken  of,  as  resembling  the  metals  in  another  respect,  I 
do  not  know  that  any  writer,  except  Mr.  Green  (in  Camb.  Phil.  Trans,  vol.  vi.),  haa 
stated  this  exemption  to  be  general  for  all  substances  having  a  high  refractive  index ; 
but  it  is  important  to  recall  this  experimental  fact  to  our  attention,  on  account  of  its 
coincidence  and  harmony  with  the  new  result  which  I  have  now  to  state.  It  consists 
in  this :  that  these  same  highly  refractive  substances  resemble  the  metals  also  in  a 
second  respect — ^that  they  confer  elliptic  polarization  on  a  plane  polarized  ray  reflected 
from  them.  The  following  list  of  substances,  in  which  this  property  was  observed, 
will  be  found  to  contain  most  of  those  at  the  top  of  Sir  D.  Brewster's  list  of  refractive 
indices:— 

Indigo— which  is  remarkable  for  possessing  the  metallic  lustre  without  con* 

taining  any  metal. 
Artificial  realgar. 

Diamond— K>f  which  three  specimens  were  tried. 
Sulphuret  of  zinc  in  transparent  crystals. 
Glass  of  antimony — ^translucent. 
Sulphur—melted  on  a  polished  slip  of  zinc  foil. 
Tungstate  of  lime— transparent 
Carbonate  of  lead  in  crystals,  dear  and  limpid  as  glass. 
Hyacinth,  or  zinoon— translucent 
Arsenious  add. 

{Garnet 
Idocrase. 
Helvine. 
Labrador  horablend. 

Of  which  the  last  five  possess  the  property  in  a  very  slight  degree  only.  The  teat 
used  in  every  case  was  the  dislocation  of  the  rings  of  a  plate  of  calc  spar ;  of  which  a 
very  good  specimen  was  used,  capable  of  exhibiting  eight  or  nine  red  rings :  and  all 
the  experiments  were  made  by  candle-light,  which  is  indispensable.  It  will  aecure 
greater  confidence  in  these  results  to  say,  that  all  the  specimens  which  I  submitted  to 
^rof.  Powell's  examination,  in  a  different  instrument,  were  found  by  him  to  produce 
the  above  efiect;  and  from  his  published  observations  several  more  cases  may  be 
quoted  in  confirmation  of  the  general  result :  such  are— chromate  of  lead,  litharge, 
plumbago,  and  Indian  ink.  The  natural  conclusion  from  these  facts  iq>pears  to  be, 
that  in  a  perfect  mathematical  theory  of  reflexion,  both  cases  should  be  embraced  in 
one  set  of  formulee,  of  which  some  terms  or  coefficients  should  be  insensibly  small, 
except  when  the  refractive  index  was  very  large ;  that,  sirictly  speaking,  no  substances 
completely  polarize  common  light  at  any  angle,  but  that  the  residue  of  unaltered  ligfat 
is  too  feeble  to  afiect  the  eye,  when  the  refractive  index  is  below  a  certain  limit ; 
and  that  plane  polarized  light  always  becomes  elliptically  polarized,  but  that  the  vir- 
tual difierence  of  paths  of  the  two  compact  vibrations  parallel  and  perpendicular  to 
plane  reflexions  is  insensibly  small,  except  the  refractive  index  surpass  a  certain  value 
greater  than  the  refractive  indices  of  felspar  and  sapphire,  which  I  found  to  produce 
no  dislocation  of  the  rings.    It  is  remarkable,  that  auch  formulae  have  some  time 


TBAN8ACTX0NB  OF  VHB  flBCTIONB.  7 

linee  beei^  deduced  from  a  yery  profound  mathematical  inrestigation  by  Mr*  Green, 
in  the  Cambridge  Philosophical  Transactions,  vol.  viL — whose  resultSi  however,  do 
not  seem  to  have  met  with  much  attention.    Now,  however,  that  they  have  met  with 
the  above  undesigned  general  confirmation,  it  seems  very  desirable  that  they  should 
be  compared  with  the  numerical  results  of  experiments  of  Sir  D.  Brewster  and  Prof* 
Powell.    Mr.  Green  adopts,  as  part  of  the  basis  of  his  calculation,  the  original  view 
of  Fresnel, — that  the  vibrations  of  a  polarized  ray  are  perpendicular  to  the  plane  of 
polarization ;  but  as  this  point  is  a  matter  of  dispute  amongst  mathematicians,  I  have 
thought  of  an  experimental  method  by  which  this  point  might,  as  I  think,  be  decided, 
independently  of  all  theory.   It  consists  in  the  observation  of  the  shifting  of  the  fringes 
produced  by  two  pencils  of  light  polarized  in  the  same  plane  on  interposing  in  their 
paths  a  piece  of  compressed  glass.    This  last  apparatus  is  to  be  constructed  in  the 
following  manner :— A  strip  of  clear  plate,  4  or  5  inches  long  by  half  an  inch  broad, 
is  to  be  provided ;  and  its  narrowest  faces  (or  narrowest  long  sides  of  the  parallelo- 
pmed)  are  to  be  carefully  nolished,  and  rendered  perfectly  plane  and  parallel  to  each 
other, — at  least,  in  the  middle  part  of  their  length,  through  which  the  light  is  to  pass. 
And  the  glass  must  be  so  well  annealed  and  so  free  from  stris  as  to  allow  of  the  for- 
mation of  fringes  by  interfering  pencils  which  have  traversed  it     It  is  to  be  provided 
with  a  wooden  frame  and  screw,  capable  of  compressing  it  in  the  middle.    [A  similar 
apparatus  has  already  been  employed  by  Brewster,  Ling,  and  Pouillet,  to  show  that 
glass  under  pressure  possesses  double  refraction.]     We  may  now  proceed  to  the  ex- 
periment itself.    Let  us  suppose,  then,  that  the  arrangements  have  been  made  in  a 
darkened  room  for  producing  the  interference  of  two  pencils  of  light,  which  are  to  be 
polarized  in  the  same  plane,  by  passing,  for  example,  through  the  same  tourmaline 
plate.    This  arrangement  mic^ht,  in  fact,  be  that  of  Fresnel,  in  which  a  slender  beam 
is  reflected  from  two  glass  plates  very  slightly  inclined,  provided  that  the  light  were 
.   incident  at  the  polarizing  angle  of  glass.   And,  for  the  sake  of  clearness,  let  us  suppose 
the  two  foci,  or  virtual  loci,  to  be  vertically  one  above  the  other,  the  plane  of  polari- 
zation to  be  vertical,  and  the  glass  to  be  interposed  with  its  length  horizontal.    Then, 
in  ita  natural  state,  it  will  produce  no  displacement  of  the  fringes,  if  made  carefully 
after  the  above  description.     But  let  us  consider  what  will  be  its  effect  if  interposed  in 
its  bent  state.    The  elasticities  on  its  convex  and  concave  sides  are  different  in  this 
respect,  that  the  particles  are  dilated  or  compressed  parallel  to  the  length  of  the  glaee ; 
whereas  little  or  no  alteration  of  elasticity  is  produced  in  a  plane  perpendicular  to  the 
length  of  the  glass.    Hence  if  the  vibrations  of  the  two  polarized  pencils  are  really 
execnted  perpendicularly  to  the  plane  of  polarization,  or  parallel  to  the  length  of  the 
glass  (according  to  the  arrangement  above  agreed  upon),  they  will  be  propagated 
with  different  velocities  and  the  fringes  will  be  displaced  parallel  to  the  length  of  the 

flass,  in  a  direction  which  might  be  inferred  from  some  statements  of  Sir  D.  Brewster, 
ut  which  is  quite  unimportant  to  the  present  purpose.  If,  however,  on  the  other 
band,  the  vibrations  be  executed  in  the  plane  of  polarization,  or  perpendicular  to  the 
length  of  the  glass,  the  two  rays  will  traverse  the  glass  with  almost,  or  quite  the  same 
velocities,  and  the  fringes  will  either  not  be  displaced  at  all,  or  to  a  far  less  amount 
than  in  the  preceding  case.  _«__ 


€f  a  Neio  Property  of  Light  exhibUed  in  the  Action  €f  ChryiommttU 
of  Potash  upon  Common  and  Polarized  Light.  By  Sir  David  Brewsteb, 

The  Chiysammate  of  Potash,  which  crystallizes  in  very  small,  flat  rhombic  plates, 
has  the  metallic  lustre  of  gold,  whence  it  derives  its  name  of  golden  sand.  When  the 
sun's  light  is  transmitted  through  the  rhombic  plates  it  has  a  reddish  yellow  colour, 
and  is  wholly  polarized  in  one  plane.  When  the  crystals  are  pressed  with  the  blade 
of  a  knife  on  a  piece  of  glass,  they  can  be  spread  out  like  an  amalgam.  The  light, 
transmitted  through  the  thinnest  fihns  thus  produced,  consists  of  two  oppositely  polar- 
ized pencils,^the  one  of  a  bright  carmine  red  and  the  other  of  a  pale  yellow  colour. 
With  thicker  films,  the  two  pencils  approach  to  two  equally  bright  carmine  red  pencils. 
It  is  to  the  reflected  light,  however,  and  its  new  properties,  that  I  wish  to  direct  the 
attention  of  the  Section.  Common  light,  reflected  at  a  perpendicular  incidence  from 
the  surfaces  of  the  crystals,  or  of  the  films,  has  the  colour  of  virgin  gold.  It  grows 
ksa  and  leas  yellow  as  the  incidence  increases,  till  it  becomes  of  a  pale  bluish 
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colour  at  very  great  incidences.  The  compound  pencil,  thus  reflected  and  coloored, 
consista  of  two  oppositely  polarized  pencil8,~~one  polarized  in  the  plane  of  reflenon, 
and  of  a  pale  bluish  white  colour  at  all  incidences ;  and  the  other  ]>olarixed  perpendi- 
cular to  the  plane  of  reflexion,  and  of  a  golden  yellow  colour  at  small  incidences,  pasting 
successively  into  a  deeper  yellow,  greenish  yellow,  green,  greenish  blue,  bluCt  and 
light  pink,  as  the  angle  of  incidence  increases.  This  very  remarkable  property,  which 
I  nave  discovered  also  in  some  other  crystals,  is  not  caused  by  any  film  of  oxide  formed 
upon  the  natural  surface  of  the  crystid,  nor  is  it  the  result  of  any  change  produced 
upon  the  surface  by  external  causes.  It  is  exhibited,  under  the  usual  modmcations, 
if  the  surface  of  the  chxysammace  is  in  optical  contact  with  fluids,  and,  by  pressure,  with 
glass : — and  when  the  crystal  is  in  the  act  of  being  dissolved,  or  when  a  fresh  surikce  is 
exposed  by  mechanical  means,  the  superficial  action  of  the  crystal  upon  light  is  in  both 
cases  the  same.  When  the  chrysammate  is  re-crystallized  from  an  aqueous  solution,  it 
appears  in  tufts  of  prisms  of  a  bright  red  colour,  the  golden  reflexion  being  overpowered 
by  the  transmitted  light ;  but  when  these  tufts  are  spread  into  a  film  by  pressure,  the 
golden  yellow  colour  reappears.  When  the  crystals  of  chrysammate  are  heated  with 
a  spirit  lamp,  or  above  a  gas  burner,  they  exfiode  with  a  flame  and  smoke  like  gun- 
powder ;  and,  by  continuing  the  heat,  the  residue  melts  and  a  crop  of  colourless  amor- 
phous crystals  is  left.  I  have  found  the  same  explosive  property  in  the  Aloetinate  of 
Fotash. 


Descr^fHon  of  a  Portable  Equatorial  Stand  for  Teletcopes  toMoui  Polar 

Axis,    By  Richard  Greene,  MJD. 

All  previous  attempts  to  produce  equatorial  motion  have  (the  author  believes)  been 
based  upon  the  notion  that  the  telescope  should  revolve  upon  a  material  axis,  which 
of  course  must  be  adjusted  parallel  to  the  axis  of  the  earth.  The  principle  also  is 
bad,  inasmuch,  as  the  telescope  is  supported  near  the  centre,  and  the  moving  power  is 
applied  to  that  point,  insteaa  of  the  extremity  of  the  tube. 

In  following  any  of  the  heavenly  bodies  either  to  the  east  or  west  of  the  meridian 
with  the  common  stands  mounted  with  altitude  and  azimuth  movements,  the  observer 
is  obliged  to  keep  them  both  continually  in  action  to  prevent  the  object  getting  out  of 
the  field  of  the  telescope.  As  the  effect  of  these  two  powers  acting  at  right  angles  to 
each  other  is  to  cause  the  tube  to  move  in  the  diagonal  between  them,  it  occuned  to 
the  author  that  it  would  be  more  simple  and  equally  efficacious  to  employ  only  one 
moving  power  in  the  direction  of  that  diagonal,  and  thus  obtain  the  same  motion  by 
one  screw,  which  before  was  obtained  by  the  two  screws  worked  together.  He  also 
remarked  that  when  the  object  is  passing  the  meridian,  for  a  certain  time  it  will  re- 
main in  the  field  of  view  by  moving  the  azimuth  screw  alone. 

The  essential  principle  of  the  invention  is  simply  to  be  able  to  place  the  horiscmtal 
or  azimuth  screw  in  all  situations  of  the  heavenly  bodies  in  a  position  similar  to  that 
in  which  it  is  placed  when  an  object  is  passing  the  meridian,  viz.  parallel  to  a  tangent 
of  the  circle  the  body  is  describing  and  touching  the  circle  at  the  point  where  the  body 
then  is.  The  common  azimuth  screw  fully  answers  the  purpose  when  the  body  is  on 
the  meridian,  as  the  tangent  is  then  horizontal.  When  the  body  observed  is  to  the 
east  of  the  meridian,  as  it  is  then  rising  higher  every  instant,  and  at  the  same  time 
moving  westward,  all  that  is  required  is  to  point  the  aajustible  screw,  which  the  anthor 
calls  the  equatorial  acreWf  upwards  from  the  observer  to  such  an  angle  as  appears  to 
be  parallel  to  the  path  the  body  is  describing,  which,  from  its  altitude  and  distance 
from  the  meridian,  can  be  pretty  nearly  guessed  by  an  astronomer.  If  he  has  ele- 
vated the  screw  to  the  proper  angle,  the  body  will  remain  very  nearly  in  the  centre 
of  the  field  of  view  during  the  time  he  is  following  it  through  the  length  of  the  screw. 
If,  however,  it  appears  to  sink  in  field,  it  shows  that  the  screw  is  not  sufficiently  ele- 
vated, and  that  it  rises  faster  than  the  axis  of  the  telescope,  and  he  must  raise  the 
remote  end  of  the  screw  a  little  more :  if  the  star  rises  in  the  field,  of  course  it  shows 
that  the  screw  is  too  much  elevated.  By  two  or  three  trials  the  angle  may  be  fimnd 
in  less  than  a  minute.  If  the  body  viewed  be  to  the  west  of  the  meridian,  the  remote 
end  of  the  equatorial  screw  is  of  course  to  be  depressed,  pointing  downwards  from  the 
observer. 

The  principle  of  tliis  equatorial  movement  is  easily  applied  to  many  of  the  stands 
now  in  general  use,  as  well  as  to  the  Henchel  stand,  on  wbich  the  author  fint  tried  it. 
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Having  no  standi  of  his  own,  except  the  Herschel  stand,  (and  this  certainly  defec- 
tive in  stability,  in  consequence  of  the  great  mirror  being  unsupported  except  by  the 
tube,  upon  wmch  it  acts  through  a  long  and  powerful  lever  of  agitation,)  Dr.  Greene 
turned  nis  attention  to  the  construction  of  some  simple  stand  based  upon  the  principle 
of  stability  which  the  triangle  affords,  and  presented  a  model  of  his  first  attempt  to 
attain  that  object. 

In  this  arrangement  the  heel  of  the  telescope  hangs  by  two  pivots  upon  two  Ys 
fixed  to  the  upper  surface  of  a  flat  circular  disc,  which  revolves  upon  another  similar 
disc,  by  means  of  a  pin  in  the  centre ;  the  lower  disc  stands  upon  three  very  low  feet  to 
ensure  its  stability.  The  upper  or  eye-end  of  the  telescope  is  attached  by  a  pin  to  an 
equatorial  glide.  The  pin  is  united  to  a  slide  which  moves  parallel  to  the  tube  of  the 
telescope  at  its  under  side,  and  being  moved  by  a  rack  and  pinion,  gives  the  slow 
elevation  movement.  The  equatorial  ilide  is  supported  by  a  pair  of  snears,  capable 
of  being  lengthened  or  shortened  at  pleasure,  to  effect  the  quick  motion  in  altitude. 
The  legs  of  the  shears  rest  upon  the  two  extremities  of  a  slidine  piece  moving  by  rack 
and  pinion  in  the  groove  of  a  piece  of  mahogany  or  other  hard  wood  in  the  shape  of 
the  letter  T,  supported  by  three  very  low  feet  to  ensure  its  steadiness.  The  sliding 
piece  is  moved  by  a  long  handle  attached  to  the  pinion,  and  gives  the  slow  azimuth 
motion  to  the  entire  stand.  To  unite  the  different  parts  into  one  system,  the  piece 
which  supports  the  shears,  and  the  lower  circular  disc  which  supports  the  heel  of  the 
telescope,  are  attached  by  two  bars  with  hooks  at  each  extremity,  the  bars  being 
themselves  bound  together  by  two  diagonal  braces. 

It  will  be  seen  at  a  glance,  that  the  telescope  and  its  stand  form  one  great  triangle, 
while  each  of  its  parts  is  a  minor  triangle ;  that  the  great  mirror  is  solidly  supported, 
having  no  tendency  to  disturb  any  part  of  the  fabric  ny  its  disposition  to  be  moved  by 
any  sGght  external  force.  ____« 

On  €in  easy  Method  of  contracting  the  Aperture  of  a  Large  Telescope. 
By  Henry  Lawson,  F.R.S^  F,R^,S.y  Sfc. 

It  is  well  known  to  the  practical  astronomer,  that  in  using  a  telescope  of  large 
diameter  it  is  needful  to  contract  the  aperture  of  the  object-glass  when  measuring 
binary  stars,  &c.,  and  also  when  the  hazmess  of  the  atmosphere  demands  such  con- 
traction. The  mode  adopted  is  the  adaptation  of  a  brass  tube,  6  to  12  inches  long,  to 
the  eye-end  of  the  telescope  tube,  in  such  a  manner  that  it  may  slide  out  and  in  with 
facility.  Into  one  end  of  this  tube  the  eye-pieces  of  the  telescope  must  screw  (or 
what  is  better,  slide).  Within  this  tube  is  to  be  placed  a  moveable  diaphragm,  made 
to  slide  up  and  down  the  tube  by  means  of  a  slit  and  stud.  The  diaphragm  is  to  be 
pierced  with  an  aperture  of  such  size  as  just  to  let  the  whole  cone  of  rays  proceeding 
from  the  object>glass  pass  through  it  towards  the  eye-glasses,  when  the  diaphragm  is 
drawn  down  or  stands  near  to  the  eye-piece.  When  the  aperture  of  the  object-glass  is 
required  to  be  contracted,  the  diaphragm  must  be  slid  towards  the  object-glass,  and  it 
will  have  the  effect  of  circumscribmg  uie  cone  of  rays  to  any  required  diameter.  The 
benefits  resulting  from  the  above-described  plan  are  the  following :  that  the  astro- 
nomer can  with  the  greatest  facility  and  without  moving  from  the  eye-end  of  his  tele- 
scope, adjust  or  contract  the  aperture  of  the  object-glass  to  any  required  diameter ; 
he  can  vary  the  magnifying  power  without  shifting  or  deranging  the  aperture ;  and, 
lastly,  he  can  produce  these  benefits  without  fear  of  altering  the  adjustments,  or 
tunung  the  telescope  from  the  object  in  view. 


On  the  Arrangement  ffa  Solar  Eye-piece. 
By  Henry  Lawson,  P.R.S.,  F.R,A.S.y  Sfc. 

This  arrangement  does  away  with  the  inconvenient  and  dangerous  breaking  of  the 
dark  glate  when  viewing  the  sun  through  telescopes  of  large  size,  and  enables  the 
astronomer  to  view  the  sun  with  ihe  whole  aperture  of  his  telescope,  however  large  it 
may  be ;  thus  giving  an  immense  advantage  when  scrutinizing  the  wonderful  and 
most  interesting  appearances  of  the  solar  disc.  The  method  consists  in  placing  the 
dark-glass  or  glasses  within  the  telescope,  by  means  of  a  brass  tube  supported  between 
the  o^ect-glass  and  the  eye-glass  of  the  telescope,  the  tube  being  from  3  to  18  inches 
(acooraiDg  to  the  length  of  the  telescope),  measured  from  the  eye-piece,  to  which 
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it  is  to  be  attached.  By  this  means  the  oone  of  rays  proceeding  from  the  object-<lai8 
towards  the  eye-glass  is  intercepted  by  the  dark  glass  at  a  considerable  distance  from 
its  focus,  or  most  heating  point,  and  thus  the  heating  power  of  the  rays,  being  spread 
over  a  large  surface  of  the  dark  glasses,  passes  through  without  injuriously  heating 
them,  and  enters  the  eye  in  a  coo!  and  agreeable  temperature.  -  Another  benefit  de- 
rived by  this  arrangement  is,  that  the  cell  holding  the  dark  glass  may  be  made  to  con- 
tain several  glasses;  and  those  may  be  of  different  colours;  whereby  an  opportunity 
is  affi)rded  ofrepeating  the  valuable  experiments  of  Sir  John  Herschel  on  transmitted 
light  through  different  coloured  media;  and  also  attempering  or  adjusting  the  inten- 
sity of  the  light  entering  ^e  eye  to  the  sensibility  of  the  retina.  Another  benefit  is 
obtained^  that  of  using  various  magnifying  powers  with  the  $ame  dark  glass  anange- 
ment  mih  the  greatest  facility.  

On  Ae  Meteorological  ObservaHons  at  KeiOj  with  an  Account  of  the  Photo* 
grcgphie  Se^-registering  Apparatus.    By  F.  Ronalds,  PJLS. 

Mr.  Ronalds,  on  presenting  his  third  annual  volume  of  observations  and  experi- 
ments made  at  the  Kew  Observatory,  described  his  experiments  on  the  photographic 
self-registration  of  the  electrometer,  the  barometer,  the  thermometer  and  the  declina- 
tion magnetometer ;  explained  his  existing  apparatus  for  these  purposes,  and  exhibited 
the  resulting  photographs,  but  first  briefly  adverted  to  his  previous  proposals  in  1840 
and  1841,  and  experiments  in  1844,  relative  to  the  subject.  The  principal  charac- 
teristic of  his  improved  system  is  a  peculiar  adaptation  of  the  lucemal  nucrotcope. 
An  instrument  or  this  kind  was  employed  in  July  1845  to  register  the  variations  of 
Volta's  atmo8pheric  electrometer.  The  pair  of  straws  were  properly  insulated  and 
suspended  within  the  body  of  the  microscope  and  towards  its  object-end.  A  con- 
densing lens  was  placed  at  the  end  itself,  and  a  good  lamp  stood  beyond  it.  A  strong 
light  was  therefore  projected  u^on  those  sides  of  the  straws  which  were  turned  towards 
the  condensing  lens,  and  the  other  sides  were  in  deep  shade.  The  light  also  impinged 
upon  a  little  screen  fitted  into  the  back  of  a  case  about  two  feet  long,  fixed  to  the  eye- 
end  of  the  microscope  at  right  angles  with  it,  and  vertically.  Through  this  screen 
was  cut  a  narrow  curved  slit  whose  chord  was  horizontal  and  radius  equ3  to  the  length 
of  the  straws.  Between  the  electrometer  and  the  screen  a  combination  of  achromatic 
lenses  by  Ross  was  adjusted  to  produce  a  good  chemical  focus  of  the  electrometer,  al 
a  distance  as  much  beyond  the  external  surface  of  the  screen  as  the  thickness  of  one 
of  the  plates  of  glass  to  be  presently  mentioned.  In  the  lon^  vertical  case  was  sus- 
pended a  firame  about  half  the  length  of  the  case,  provided  with  a  rabbet,  into  which 
two  pieces  of  plate  glass  could  be  dropped,  and  these  brought  into  close  contact  by 
means  of  six  little  bolts  and  nuts.  The  frame  could  be  removed  at  pleasure  firom  tfaie 
line  by  which  it  was  suspended,  and  the  line,  after  passing  through  a  small  hole  stopped 
with  grease  at  the  top  of  the  long  case,  was  attached  to  a  pulley  about  founinches  in 
diameter  on  the  hour  arbor  of  a  clock.  Lastly,  counterpoises,  rollers  and  springs 
were  used  for  ensuring  accurate  sliding  of  the  firame,  &c.  A  piece  of  Mr.  CoUen^t 
photographic  paper  was  now  placed  between  the  two  plates  of  glass  in  the  moveable 
firame ;  the  long  case  was  closed  so  as  to  prevent  the  poesibility  of  daylight  entering  it, 
the  dock  was  started,  and  the  time  of  starting  was  noted.  All  that  part  of  the  paper 
which  was  made  to  pass  over  the  slit  in  the  screen  by  the  motion  of  the  dock,  became 
now  therefore  successively  exposed  to  a  strong  light,  and  was  consequently  brought 
into  a  state  which  fitted  it  to  receive  a  dark  colour  on  beine  again  washed  with  the 
usual  solution,  excepting  those  small  portions  upon  which  dark  images  of  the  lower 
parts  of  the  straws  were  projected  through  the  slit  These  parts  of  course  retained 
the  light  colour  and  formed  tne  long  curved  lines  or  bands,  whose  distances  firom  each 
other,  at  any  given  part  of  the  photograph,  i.  e.  at  any  eiven  time,  indicated  the 
electro-tension  at  that  time.  Sometimes  daylight  was  used  instead  of  the  light  firom 
a  lamp,  and  in  that  case,  during  the  process,  some  appearances  of  the  sky  were  occar 
sionally  noted,  by  which  it  was  evident  that  in  serene  weather,  when  the  sun's  l%ht 
and  heat  varied,  and  the  paper  became  consequently  either  more  or  less  darkened, 
the  electric  tension,  as  shown  in  the  photograph,  varied  also,  increasing  with  the  in- 
crease of  light,  &c.  This  fact  has  not  perhaps  been  before  observed,  but  as  the  dark- 
ening effect  on  the  paper  could  not  be  always  depended  upon«  separate  notes  were 
taken  of  the  intensitiea  oC  light  and  the  same  results  obtained.    At  the  tuggestioa  of 
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the  Aitronomer  Royal,  a  dittmgwshing  electromeier,  fomed  on  the  diy  pOe  fjritemy 
was  afterwards  employed,  which  exhibited  in  the  photograph,  not  only  the  tension, 
but  the  kind  of  electricity  possessed  by  the  electrometer  at  any  given  time.  The  dry 
thermometer  was  next  tried.  It  was  of  the  horizontal  kind,  h^  a  flat  bore,  and  its 
tnbe  was  introduced  through  the  side  of  the  microscope.  The  tube  had  a  diaphragm 
of  very  narrow  aperture  fixed  upon  it,  and  the  slit  in  the  screen,  at  the  eye-end  of  the 
microscope,  was  now  of  course  straight  and  horizontal.  The  image  was  a  little  mag- 
nified, and  the  breadth  of  the  dark  band  or  line  in  the  photograph  became  the  mea- 
sure of  temperature  inversely  at  any  given  time*.  The  barometer  employed  was  of 
the  siphon  kind.  The  microscope  was  turned  in  order  to  bring  the  long  case  and  its 
sliding  frame  into  a  horizontal  position.  The  clock  was  placed  at  one  end,  and  a 
little  weight,  sufficient  to  keep  the  frame  steady,  was  suspended  by  a  line  passine  over 
a  pulley  at  the  other.  The  lower  leg  of  the  barometer  was  introduced  througn  the 
now  bottom  of  the  microscope ;  it  was  provided  with  a  similar  kind  of  diaphragm  to 
that  on  the  thermometer,  and  of  course  the  slit  in  the  screen  was  now  vertical.  A 
li^ht  blackened  pith-ball  rested  on  the  surface  of  the  mercury,  and  its  image  was 
slightly  magnified,  but  will  in  future  be  much  more  so.  The  declination  magnet  was 
one  of  two  feet,  lent  to  Mr.  Ronalds  by  ^e  Astronomer  Royal.  It  was  provided  with 
a  damper,  and  its  mode  of  suspension  was  essentially  similar  to  that  of  the  Greenwich 
declinometer.  In  order  to  adapt  it  for  self-registration,  a  light  conical  brass  tube, 
projecting  six  inches  beyond  its  north  end,  was  affixed  to  the  lower  side  of  the  spur 
which  carried  it,  and  to  the  north  end  of  that  tube  a  small  wire,  called  the  index,  was 
attached  at  right  angles.  This  index  descended  through  little  slits  in  the  bottoms  of 
the  two  cases  which  enclosed  the  magnetic,  and  took  the  place  of  the  electrometer 
in  the  lucemal  microscope,  which  was  placed  below  the  cases,  and  was  now  required 
to  be  much  longer  than  before,  in  order  that  the  image  and  motion  might  be  suffi- 
ciently magnified,  yet  a  flat  field  retained.  Everythine  was  firmly  fixed  upon  the  two 
pillars  which  formerly  carried  the  transit  instrument  of  His  Mijest^  Geoige  III.  A 
great  many  photographs  were  obtained  and  sent  for  inspection  to  &reenwich,  Con- 
eeming  some  term-day  impressions,  Mr.  Glaisher,  the  Magnetical  and  Meteorological 
Superintendent  of  the  Greenwich  Observatory,  says,  in  an  official  note,  that  "  the 
baautiAil  agreement  of,  the  results  with  these  at  Greenwich  is  highly  satisfactory." 


On  same  Meteorological  Ph4Enomena.    By  Professor  Wartmann. 

Although  many  attempts  have  been  made  of  late  to  extend  our  knowledge  of  the 
elactrical  phsenomena  of  the  atmosphere,  it  must  be  confessed  that  much  remains  to 
be  done.  The  frequency  of  the  flashes  of  lightning,  according  to  the  latitude  to  the 
seasons,  is  a  subject  of  inquiry  which  has  been  recommended  by  M.  Arago.  It 
would  als9  be  interesting  to  record  the  duration  of  thunder-storms,  the  number  of 
flashes  of  each  of  the  three  classes  which  have  appeared,  the  height  and  general 
I4»pearance  of  the  clouds,  and  the  hygrometric  state  of  the  atmosphere. 

I  shall  take  the  liberty  to  point  out  some  facts  which  I  had  occasion  to  witness  on 
the  evening  of  the  1st  of  August  last*  After  many  hot  days,  clouds  appeared  on 
the  south-west  part  of  the  horizon  of  Lausanne,  and  when  over  the  town  they  beffan 
to  become  illuminated  almost  without  interruption,  I  counted  more  than  forty  flasnes 
in  twenty-two  minutes,  two-fifths  of  which  were  of  the  first  class,  and  sJl  going 
eastward. 

A  flash,  of  such  a  white  brilliancy  that  the  eye  could  not  bear  it,  but  the  appear- 
ance of  which  was  perfectly  definite,  did  not  disappear  suddenly,  but  left  a  florescent 
trace  of  a  dark  red  colour,  like  to  the  illusions  of  the  dissolving  views  and  the  trainSee 
or  trails  of  certain  shooting  stars  which  I  observed  on  the  night  of  the  10th  of 
August  1838. 

Another  flash  of  the  first  class  appeared  at  the  under  part  of  the  clouds,  and  after 
a  rather  long  course,  it  vanished  at  the  very  edge  of^  it :  no  thunder  was  heard. 
Two  flashes  were  bicuspidated ;  three  others  were  tricuspidated  at  some  distance  from 
their  origin,  two  of  which  appeared  together,  one  over  the  other,  in  the  same  hori- 

*  In  order  to  convert  this  into  the  wet  bulb  hygrometer,  nothing  of  course  is  necessary  bat 
the  application  of  the  usual  cup  of  water  and  the  capillary  threads. 
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zontal  position.  Are  those  flashes  as  scarce  as  it  is  generally  believed  ?  Are  tbey  pro- 
duced by  a  particular  state  of  humidity  which  makes  the  state  of  the  air  better 
conductors  in  many  eiven  directions  simultaneously  than  in  others  ?  This  I  am  not 
able  to  decide ;  but  I  think  that  the  quantity  of  rain  which  happens  to  fall  during  a 
thunder-storm  has  a  great  influence  upon  the  falling  of  the  electric  fluid.  Indeed,  in 
a  recent  instance,  a  thunderbolt  fell  in  a  low  part  of  a  lintage  near  Lausanne, 
burning  all  the  stems  on  an  area  of  more  than  eifbty  feet  square,  during  a  shower  of 
the  most  tremendous  character,  and  without  bemg  attracted  by  more  elevated  con- 
ductors which  were  at  a  short  distance ;  and,  on  the  contrary,  two  years  ago,  during 
a  storm  which  was  accompanied  by  no  rain,  Uie  thunder  fell  on  a  neighbouring  situa- 
tion, and  burned  by  ricochets,  stems  here  and  there,  upon  a  surface  of  more  than 
four  acres. 

Dr.  Lee  presented  the  following  tables  to  the  Section : — 

1.  Meteorological  Observations  for  the  year  1845,  made  by  J.  R.  Crowe,  Esq.,  the 
Bridsh  Consul-General  of  Norway,  residing  at  Christiana.  These  tables  are  a  con- 
tinuation of  others  made  in  1843,  and  presented  to  the  British  Association  at  York, 
and  of  similar  tables  made  in  1844,  and  presented  to  the  Association  at  Cambridge, 
and  which  are  noticed  in  the  volume  of  me  Proceedings  for  1845,  at  page  19  of  Uie 
abstracts  of  communications  to  the  Section  of  Mathematics  and  Physics.  They  con- 
sist of  observations  of  the  barometer  and  thermometer,  and  of  the  direction  of  the 
wind,  made  on  nearly  every  day  in  the  year  1845,  at  the  hours — 7  a.m.,  9  a.m.,  2  p.m., 
4  P.M.,  and  10  p.m.,  with  the  means  of  each  column  for  each  month,  and  the  mean  tem- 

ferature  of  each  month.    The  depth  of  snow  is  given  for  the  months  of  January, 
'ebruary  and  March,  in  cubic  inches ;  and  the  quantity  of  rain  in  cubic  inches  for  eadi 
of  the  oUier  months  of  the  year. 

2.  Meteorological  Observations  made  at  Alten  in  West  Finmark,  at  the  KaaQord 
Meteorological  Observatory,  in  the  years  1844  and  1845,  by  J.  F.  Cole,  Esq.*and 
J.  H.  Grewe,  Esq.,  of  the  Alten  Minmg  Company.  These  tables  are  a  continuation 
of  others  for  the  year  1843,  presented  to  the  British  Association  at  York,  and  whicb 
have  been  deemed  worthy  of  notice  by  Colonel  Sabine,  who  has  referred  to  them  in 
a  note  on  his  paper  on  the  Meteorology  of  Bombay,  at  p.  80  of  the  Report  of  the  Pro* 
ceedings  at  Camoridge,  in  the  volume  published  in  1845.  These  tables  contain  the 
height  of  the  barometer  and  thermometer,  in  shade,  at  9  a.m.,  3  p.m.,  and  9  p.m.,  with 
the  maxima  and  minima  of  the  thennometer  at  3  p.m.  ;  the  quantity  of  rain  or  meUed 
snow ;  the  force  and  direction  of  the  wind,  and  of  the  clouds,  and  the  deacriptton  of 
clouds,  and  the  proportion  of  clear  sky  at  the  same  hours.  To  which  are  added, 
tables  of  the  half-hourly  results  of  all  the  above  observations  on  the  21st  and  22nd  of 
each  month  in  the  year. 

3.  Observations  on  the  Aurora  Borealis  during  the  year  1845,  made  a^  the  Kaaf- 
jord  Meteorological  Observatory  at  the  Alten  Copper  Works,  by  J.  F.  Cole,  Esq.  and 
J.  H.  Grewe,  Esq.  These  tables  contain  observations  upon  the  position  and  the 
degree  of  intensity,  and  the  forms  of  the  aurora,  which  have  been  made  by  these  zeal- 
ous amateurs  of  meteorology  during  the  months  of  January,  February,  March  and 
April,  September,  October,  November  and  December ;  no  observations  Ibeing  practi- 
cable durmg  the  summer  months,  on  account  of  the  brightness  of  the  daylight  during 
this  portion  of  the  year.  _____ 

On  a  New  Anemometer.    By  Dr.  Banks. 

The  instrument  is  worked  by  a  vane  supported  on  a  hoUow  wooden  shaft  about 
two  inches  diameter  and  three  feet  long,  whose  upper  end  is  supported  by  alight 
friction  rollers,  and  the  bottom  rests  on  a  steel  point. 

Each  of  two  levers  holds  a  pencil,  one  for  the  direction  of  the  wind,  working 
in  a  spiral  of  three  tunis,  which  by  a  very  simple  contrivance  returns  to  its  position 
if  the  wind  moves  round  the  compass  with  frequency.  The  other  lever  is  acted  upon 
by  the  force-board  attached  to  the  vane,  and  which,  in  its  retirement  from  an  in- 
creasing wind,  raises  a  series  of  weights  together  with  a  disc,  upon  which,  by  a  roller, 
the  lever  rests.  The  instrument  is  about  2^  feet  Ion?  by  2  feet  high,  exclusive  of  the 
vane,  which  is  attached  to  a  tin  tube  of  length  according  to  circumstancea. 
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Mettorvtogical  ObtenxOiofU.  By  CapL  W.  W.  Childkhs. 
Tamlb  a. — Meteorological  Obteirationi,  Saint  Helier,  Jenej,  deduced  from  Honrljr 
ObterrUioDi  teken  by  William  Walbanke  Childen,  late  Captain  in  the  42ild  Royal 
HigUandera,  Miiated  by  Mr.  Jobn  B.  Le  Roy,  Optician;  from  the  Mean  of  four 
butimeCen  and  three  therm ometen.  The  extremei  noted  by  a  peipendiculai  Self- 
Regiitering  Thennometcr  eighn-five  feet  aboTs  the  mean  leTel  of  the  leo.  Soil 
grsTelly  clay.    Latitude  49°  11' N.,  Longitude  2°  06' W. 
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Table  B, — Meteorological  ObMrvationa,  Saint  Helier,  Jersey,  taken  by  Captain 
William  Walbanke  Childera,  for  the  year  1846,  with  a  Comparative  Table  of  the 
difierence  in  Temperature  between  that  place  and  the  Horticultural  Gardens  at 
Chiawick,  M  reported  in  the  Oardenen'  Chronicle.  St.  Helier,  49°  11'  N.  Cbia- 
wick  Gardena,  Sl'SD'N. 
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From  the  above  comparative  Uble,  it  appears  that  Jersey,  although  within  a  compaiatiTe 
short  distance  of  London,  eigoys  a  far  more  equable  temperature,  neither  undergoing  so  great 
a  degree  of  heat  nor  exposed  to  so  extreme  cold.  This  in  a  great  measure  arises  from  its 
position,  and  the  great  rise  and  fall  of  the  tide,  upwards  of  forty  feet  between  the  lerels  at 
high  and  low  water,  spring  tides  and  the  nature  of  iu  soil ;  a  rich  loomy  clay  with  gravelly 
subsoil.  In  June  and  July,  for  instance,  the  temperature  in  London  reached  93^  in  Jersey  (mly 
81^;  whereas  in  December  the  thermometer  in  London  fell  to  1 1^  in  Jersey  no  lower  than  25^ 
Jersey  is  a  very  moist  climate,  S.W.  winds  having  prevailed  107  days  during  the  year,  and 
the  quantity  of  rain  fallen  being  nearly  double  that  at  Chiswiclc 

% 
Table  C. — ^Meteorological  Ohservations,  Saint  Heller,  Jersey,  for  the  vear  1844, 

oommendng  in  November  1843,  before  taking  the  Observations  hourly,  by  Captain 

Childers. 
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Table  D.— -Comparative  Temperature  Table  for  the  years  1843,  1844,  1845  and 
1846,  teken  by  Captain  Childers  at  St.  Heller,  Jersey,  Latitude  49**  11'  N. 
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Avenge. 

REMARKS. 
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Table  £. 
From  a  series  of  obfenrations,  commenced  in  1826  and  continued  to  the  present 
period,  it  is  observed  that  the  most  rain  falls  in  November,  the  least  quantity  in  April, 
xhe  ratio  of  the  year  is  as  follows : — 

November^  July,  September,  October,  December,  January  Rainy  months. 
August,  February,  March,  June,  May,  April  Dry  months. 

The  observations  which  complete  the  record  for  1846,  have  been  forwarded  by  the 
Author  since  the  Meeting.  _ 

NoHces  of  a  Hah,  Paraadene  and  Aurora  Boreales.  By  the  Rev.  T.  Rankin. 

The  halo  occurred  on  Sunday,  October  12,  1815,  at  5  p.m.,  at  Huggate  in  York- 
shire ;  it  formed  a  portion  of  an  ellipse  above  the  sun^  which  was  in  a  focus  of  the  con- 
jugate  diameter  of  the  ellipse.    The  inner  part  of  the  arc  was  most  luminous. 

In  the  evening  of  the  same  day  occurred  a  paraselene,  from  7  to  10  p.m.  ;  its  dia- 
meter was  about  20®,  and  the  inner  part  of  the  arc  was  most  luminous. 

On  the  evenine  of  October  6, 1837,  Januarys,  1840,  and  August  29,  1846,  aurone 
were  noticed  at  Huggate.  ...^^.^ 

Method  of  Measuring  the  Height  of  Clouds. 
By  the  Rev.  W.  Whbwell,  />•/>.,  F.R.S. 

I  do  not  know  whether  it  has  been  observed  how  easily  the  height  of  clouds  may 
be  measured  when  the  reflexion  of  them  can  be  seen  in  a  lake  from  a  station  above  it. 
In  that  case  the  angle  of  elevation  above  the  horizontal  plane  for  any  selected  point 
of  a  cloud  is  not  equal  to  the  angle  of  depression  of  the  ima^e ;  for  the  latter  angle  is 
the  angle  of  elevation  of  the  cloud  at  the  point  of  the  lake  where  reflexion  takes  p!ace« 
and  is  therefore  greater  than  the  former.  The  difference  of  these  two  angles  gives  us 
the  means  of  finding  the  height  of  the  cloud.  If  »  be  the  angle  of  depression  of  the 
image  of  the  cloud-point,  /3  the  angle  of  elevation,  and  h  the  vertical  height  of  the 
station  of  observation  above  the  level  of  the  lake,  it  Is  easily  shown  by  trigonometiy 
that  the  height  of  the  cloud  above  the  level  of  the  lake  is 

^sin(flt  +  /8) 

sm  (»  —  /8) 

The  angles  «  and  /3  may  be  measured  by  any  contrivance  for  measuring  elevations 
and  depressions ;  for  instance,  a  graduated  quadrant  with  a  plumb-line,  or  hanging 
alidade f  and  plain  sights.    No  great  accuracy  is  attainable  or  is  needed  in  this  inquirv 
Hence  a  table  of  double  entry  (there  being  two  elements,  a  and  ^)  would  be  a  cor 
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nient  mode  of  determining  the  multiplier  of  h.  But  the  multiplier  Taries  rapidly 
with  variations  of  «  —  /9;  more  slowly  with  variations  of  tt  +  fi.  Hence  it  would  be 
convenient  that  a  table  should  be  arranged  for  small  intervals  of  «— /S  (say  1^  or  be- 
low 1®  to  15')i  while  larger  intervals  for  «  might  suffice,  as  5^  Hence  this  might  be 
the  form  of  the  Table  (or  rather  these  the  numbers  to  be  calculated : — 


--/3= 

0'' 

r 

r 

3° 

«=!<' 

3D 

1 

•=50 

X 

8in9» 
sinl° 

sin8'' 
sin  2* 

sin  7* 
sin  3* 

«=slOO 

» 

sin  19"* 
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sinlS** 
sin2' 

sinir 
sins'" 

«=15« 

X 

sin  29° 
sin  10 

sin  28'' 
sin2*» 

sin  2  7 

snS** 

And  for  intermediate  values,  the  multipliers  would  be  given  by  interpolation.  But  «nce 
the  result  depends  so  much  upon  the  value  of « — fi,  it  would  be  desirable  to  observe  M—fi 
directly,  rather  than  by  taking  the  difference  of  two  observations.  This  may  be  done 
thus :  take  a  dark  cup  full  of  water,  and  place  it  so  that  the  surface  of  the  water  in  it 
is  seen  at  the  cloud-point  reflected  in  the  lake.  Also  place  it  so  that  the  boundary  of 
the  water  in  the  cup  when  it  falls  upon  the  cloud-speck  is  in  the  vertical  plane  passing 
through  the  speck.  Then  the  horizontal  edge  of  the  cloud-speck,  seen  in  the  lake  and  in 
the  water-cup,  will  be  dithcated,  and  the  amount  of  dislocation  subtends  the  angle  m — /3 
at  the  eye.  Hence  tt — 3  may  be  measured  directly  on  the  limb  of  the  quadrant;  or  a 
micrometer  affixed  to  the  alidade  of  the  quadrant  for  the  purpose  of  raeasurine  m — /3 
may  easilv  be  devised.  The  same  formula  and  process  may  obviously  be  applied  to 
measure  the  height  of  a  mountain  when  h  is  known.  If  the  height  of  the  mountain 
be  known,  h  may  be  deduced  by  the  same  formula.  Without  knowing  A,  the  formula 
will  serve  for  comparing  the  height  of  a  cloud  with  that  of  a  mountain,  when  both  can 
be  seen  in  the  lake.  The  arc  a — /3  will  usually  be  very  small,  and  will  vary  as  its 
sine ;  and  in  this  case  »+/3  ^1^^  ^®  ^»  nearly.  Hence,  in  comparing  clouds  and  moun- 
tains, their  height  will  be  as     ^    '    Hence  the  heights  of  a  mountain  and  of  a  doud 

teen  very  near  the  mountain  top  are  inversely  as  the  dislocations  in  reflexion.  If  the 
mountain  image  be  dislocated  three  times  as  much  as  the  cloud-image,  the  cloud  is 
three  times  as  high  as  the  mountain.  If  the  altitude  be  different — for  example,  if  the 
mountain  be  \b^  and  the  cloud  45^  elevated,  and  the  dislocation  still  as  3  and  1,  the 
height  of  the  cloud  is  six  times  the  height  of  the  mountain  (for,  sin  2  x  15^=1, 
Bin2x45°=l).  The  same  is  the  case  of  different  etrata  of  clouds.  When  seen  in 
the  same  quarter^  their  heig^hts  are  inversely  as  the  dislocation  of  their  images. — N.B. 
Perhaps  a  piece  of  glass  ruled  with  parallel  equidistant  lines  held  at  a  given  distance 
from  the  eye  would  be  a  good  way  of  comparing  dislocations  of  images. 


On  the  Force  of  Vapour,    By  Captain  Shortrbde. 

The  author  adopts  the  experiments  of  the  French  Academy  at  high  temperatures, 
and  those  of  Magnus  at  low  temperatures,  as  being  the  most  carefully  performed 
and  the  most  extensive  of  all  yet  available.  In  the  Academy's  experiments,  die  in- 
dications of  the  smaller  thermometer  in  the  steam  are  preferred  to  those  of  the  laiger 
thermometer  in  the  water ;  because  the  temperature  of  the  water  increases  with  its 
depth,  and  always  exceeds  that  of  steam  formed  at  its  surface,  besides  the  heat 
which  may  be  necessary  to  overcome  the  cohesion  of  water  in  passing  into  vapour. 
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It  U  probable,  also,  that  the  temperature  of  the  steam  in  the  manometer  waS|  from 
ezpoaure  to  the  air,  leu  thau  that  of  the  steam  in  the  boiler,  so  that  the  small  ther- 
mometer may  be  eaqiected  to  give  the  temperature  too  high  rather  than  too  low. 


An  Account  rfan  Atmospheric  Eeeordtr.    By  G.  DoLLONDf  P.B.S, 

It  having  appeared  to  be  desirable  at  the  last  meeting  of  the  British  Association 
that  a  correct  self-registering  apparatus  should  be  constructed,  by  which  the  varioua 
changes  of  the  atmosphere  should  be  recorded  upon  paper,  in  such  manner  that  they 
might  be  referred  to  at  a  future  period,  I  have  tne  pleasure  to  describe  an  apparatus 
which  records  the  indications  of  the  following  eight  instruments,  vi2.  the  barometer, 
the  thermometer,  the  hygrometer,  the  electrometer,  the  pluviometer,  the  evaporator, 
the  force-board,  and  the  anemometer,  in  relation  to  time.  I  have  found  it  answer  the 
purpose  for  which  it  was  intended,  in  every  way  satisfactorily.  1st.  The  barometer 
registers  the  change  which  takes  place  in  the  weight  of  the  atmosphere  at  every  half^ 
hour,  and  the  line  may  be  traced  from  one  point  to  the  next  without  anv  difficulty. 
2nd.  The  thermometer  registers  the  various  cnanges  from  cold  in  the  nignt  or  mom- 
iu^,  to  the  greatest  heat  in  the  ailemoon,  continuously.  3rd.  The  hygrometer  is 
adjusted  to  show  the  changes  from  dryness  to  extreme  saturation  of  moisture  to  evenr 
hundredth  of  the  scale,  and  is  extremely  steady  in  action.  4th.  The  electrometer  is 
acted  upon  by  a  conductor,  and  registers  each  flash  of  lightning  which  comes  within 
the  range  of  the  conductor.  5th.  The  pluviometer  registers  the  drops  of  rain  which 
fall  upon  the  surface  of  the  receiver,  and  shows  the  continuation  of  the  falling  quan- 
tity until  an  inch  is  received ;  this  is  then  discharged  and  the  process  recommences 
for  another  inch,  and  so  on  continually.  6th.  The  evaporator  is  so  constructed  as  to 
retain  a  quantity  of  water  with  the  surface  exposed,  and  so  euarded  that  rain  cannot 
enter  into  the  vessel.  The  surface  gradually  evaporates,  as  shown  by  a  diagonal  line 
upon  the  paper  until  an  inch  is  evaporated,  when  a  discharge  takes  place  and  another 
line  commences.  7th.  The  force  or  power  of  the  wind  acts  upon  a  board  one  foot 
square,  whose  movement  is  registerea  in  pounds  and  ounces  avoirdupois,  from  one 
ounce  to  thirty  pounds.  8th.  The  direction  of  the  wind  is  shown  in  circles,  which 
immediately  upon  inspection  show  the  direction  of  the  course  or  change  which  hat 
taken  place,  for  instance,  if  it  has  passed  through  the  south  or  the  north,  from  east  to 
west,  and  the  point  from  which  it  started  and  that  to  which  it  returned.  All  these 
eight  varieties  have  their  scales  about  half  an  inch  from  the  marking-points,  and  can 
be  very  easily  read  or  referred  to.  There  are  markers  on  each  edge  of  the  paper  for 
tirne^  the  paper  being  carried  forward  by  a  clock. 

Mr.  Dollond  gave  an  account  of  the  storm,  as  shown  by  this  instrument,  at  Cam- 
benrell  on  the  1st  day  of  August  1846,  during  his  absence : — 

The  barometer  changed  from 30*03  inches  to  20*82  inches* 

The  thermometer  from 69^  to  98^ 

during  the  day,  or  twenty-fotir  hours. 

The  hygrometer  ranged  from  39**  to  80^  of  moisture. 

At  two  o'clock  the  electrometer  was  affected  by  the  lightning,  and  registered  fifteen 
discharges  or  flashes  in  one  hour. 

At  3^  23'  the  rain  commenced  falling,  and  in  two  minutes  the  pluviometer  dis- 
cfaareed  an  inch,  which  had  previously  stood  at  11*90  for  several  days.  At  4^  3' 
another  inch  was  registered,  and  at  5^  25'  a  third  inch  was  marked  upon  the  regis- 
tering paper ;  and  so  tremendous  was  the  fall  of  rain  and  hail,  that  at  5^  35'  a  fourth 
inch  was  marked  upon  the  paper,  making  on  the  whole  3*12  inches  in  2^  17'. 

The  force  of  the  wind  was  equal  to  one  pound  four  ounces,  and  the  direction 
ebanged  from  east  to  west,  through  the  south  at  3*^  20'. 


On  the  Construction  of  a  Self-registering  Barometer^  Thermometer^  and 

Psychrometer,    By  C.  Brooke,  itfJB. 

Mr.  Brooke  remarked  that  he  had  been  induced  by  the  want  of  efficient  means  of 
automatic  registration  of  the  variation  of  meteorological  instruments,  and  especially 
of  magnetometersi  which  was  so  generally  expressed  at  the  last  meeting  of  the  British 
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Assodation  at  Cambridge,  to  bestow  some  attention  to  tbe  subject,  and  was  enabled 
to  report  to  the  meeting  that  he  had  succeeded  in  devising  a  method  of  continuous 
re^stration  with  as  much  accuracy  as  the  purposes  of  science  require. 

Various  mechanical  means  have  been  proposed  for  the  registration  of  all  meteoro- 
logical instruments  except  the  magnetometers ;  but  the  amount  of  magnetic  force  is 
so  small,  that  the  variations  of  its  intensity  and  direction  are  incapable  of  actoating 
any  mechanism,  and  therefore  can  only  be  expected  to  be  recorded  by  the  aid  of 
photography ;  and  by  these  means  the  proposed  object  had  been  accomplished :   as 
however  a  detailed  description  of  the  apparatus  by  which  magnetic  variations  have 
been  registered  is  already  m  the  hands  of  the  Royal  Society,  Mr.  Brooke  did  not  con- 
sider himself  authorized  to  enter  into  a  description  of  it,  further  than  is  necessary  to 
explain  those  modifications  of  the  apparatus  which  formed  the  subject  of  the  present 
communication.     A  piece  of  prepared  photographic  paper  is  placed  between  two  con- 
centric cylindrical  glass  surfaces,  which  are  carried  round  their  common  axis,  placed 
horizontally,  by  the  hour-hand  of  a  time-piece  movement    The  paper  consequently 
passes  verticidiy  behind  a  horizontal  slit  in  a  case  of  suitable  form  in  which  the 
cylinders  are  enclosed  to  protect  the  prepared  paper  from  the  influence  of  difiused 
light.     A  cylindrical  reiractor,  the  axes  of  whose  surfaces  are  parallel  to  the  slit,  is 
placed  in  front  of  the  slit,  and  at  such  a  distance  from  it  that  the  rays  of  light  falling 
on  it  may  be  refracted  to  a  focus  on  the  paper.    In  the  case  of  the  magnet,  a  sphe- 
rical concave  reflector  is  attached  to  a  stem  by  which  the  magnet  is  suspended,  and  a 
camphine  lamp  having  a  vertical  narrow  slit  in  the  chimney  is  placed  at  such  a  dis- 
tance from  it  tnat  an  image  of  tbe  slit  may  be  formed  at  the  distance  of  the  paper ; 
a  portion  of  the  image  is  condensed  vertically  by  the  cylindrical  refractor,  and  im- 
presses the  photographic  paper.     Some  registers  obtained  by  this  apparatus  were 
exhibited  to  the  Section,  from  which  the  position  of  the  declination  magnet  might  be 
determined  by  a  scale  with  a  probable  error  not  exceeding  10",  and  in  some,  not  ex- 
ceeding 5". 

In  obtaining  the  register  of  the  barometer,  a  lamp  is  placed  in  front  of  the  appa- 
ratus, and  a  screen  with  a  narrow  vertical  slit  atteched  to  the  end  of  the  long  vertical 
arm  of  a  lever  is  interposed  between  the  refractor  and  the  horizontal  slit  before  de- 
scribed. This  lever  is  balanced,  and  a  short  horizontal  arm  rests  on  a  float  supported 
by  the  mereury  in  the  shorter  tube  of  a  siphon  barometer;  the  lengths  of  the  arms  of 
the  lever  having  been  taken  as  10  to  1,  the  variation  of  the  height  of  the  column  will 
be  magnified  5  times,  and  the  light  passing  through  the  point  ^at  which  the  two  alita 
cross,  will  trace  out  a  line  sufficiently  distinct  to  indicate  the  height  of  the  barometer 
at  any  period  to  the  ^^th  of  an  incn. 

The  registration  of  the  thermometer  and  psychrometer  was  obtained  by  interposing 
the  stem  of  these  instruments  with  a  flat  bore,  wide  enough  to  exclude  the  light,  be- 
tween the  slit  and  the  refractor ;  as  however  this  expedient  is  not  new,  it  need  not  be 
more  particularly  described;  the  only  novelty  in  Mr.  Brooke's  apparatus  was  in 
placing  the  stems  of  the  two  instruments  on  opposite  sides  of  the  cylinder,  so  aa  to 
obtain  a  register  of  both  on  the  same  paper,  and  in  making  the  bulbs  long  narrow 
cylinders  instead  of  spheres,  in  order  to  increase  the  surface  and  consequently  the  sus- 
ceptibility of  changes  of  temperature.  By  having  each  decree  about  ^th  of  an  inch 
longi  the  temperatures  may  be  obtained  at  any  time  to  ^£  or  ^th  of  a  degree. 


Tabh  <f  the  Fall  of  Rain  in  the  Lake  DisbricUof  Cumberland  and  WesC^ 
morelandy  Sfc.  in  the  Year  1846.    Bi/  J.  F.  Miller. 

The  writer  exhibited  a  series  of  registers  in  a  tabular  form,  from  which  it  resulted 
that  at  Seathwaite  there  have  been  31  days  in  which  the  fall  was  between  1  and  2 
inches,  five  days  between  3  and  4  inches,  one  day  between  4  and  S  inches,  and  one 
day  between  6  and  7  inches. 

On  the  27th  of  November,  1 845,  there  was  measured  at  Seathwaite  6*62  inches, 
and  on  the  26th  and  27th  nearly  10  inches,  being  the  greatest  quantity  of  rain  which 
has  ever  been  measured  in  the  same  period  in  Great  Britain.  At  Limgdale  Head  ia 
Westmoreland,  the  fall  on  the  27th  was  6-28  inches,  and  on  the  26th  and  27th  nearly 
9  inches. 
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The  conaeqaence  was  the  heavieii  flood  which  had  occurred  at  these  placet  for  at 
least  sizty  years  past 

Windermere  Lake  had  not  heen  so  hi^h  for  the  last  fifteen  years ;  on  the  night  he- 
tween  the  26ih  and  27th  it  rose  2  feet  m  perpendicular  height ;  the  quays  along  the 
hsnks  of  the  lake  were  immersed  in  water,  and  much  wood  was  carried  away  hy  the 
current  and  lost.     Keswick  Lake  had  not  heen  so  high  since  Novemhsr  30th,  1838. 

Of  the  total  quantity  of  rain,  measured  in  the  vale  of  Borrowdale  In  1845,  106*58 
inches  fell  in  the  months  of  January,  March,  August,  October,  November  and  De- 
cember ;  and  nearly  46  inches  in  the  two  latter  months. 

Such  was  the  violence  of  the  storm  on  the  night  of  the  28th  of  December  in  the 
lake  districts,  that  a  number  of  fish  were  found  next  day  on  the  margin  of  Bassen- 
thwaite  Lake,  which  had  been  thrown  un  by  the  waves  in  the  course  of  the  night  by  the 
force  of  the  wind, — a  circumstance  wholly  without  a  parallel,  except  on  the  night  of  the 
memorable  6th  of  January,  1839.  The  rain  which  fell  in  the  preceding  twenty-four 
hours  amounted  to  4*22  inches ;  at  Whitehaven  the  quantity  was  *323,  or  nearly  one- 
third  of  an  inch. 

Through  the  kindness  of  various  gentlemen  I  am  enabled  to  add  returns  of  the  rain 
m  1845,  from  several  places  throughout  Great  Britain,  'by  way  of  comparison  wi&  the 
quantities  measured  in  the  lake  districts. 

Allenheads,  Northumberland    56*411 

Kendal,  Westmoreknd 53*346 

Cartmel,  ditto 53*665 

Rampstde,  ditto 40*289 

Tivil,  ditto 40*000 

Bolton-le-Moors 48*110 

Carlisle,  Cumberland 31*280 

Brougham  Hall,  ditto    35-000 

Manchester 41*415 

Doncastcr  29*198 

Highfield  House,  Nottinghamshire 29*595 

Cirencester 28-970 

Leeds 25*586 

North  Shields 26*200 

CuUoden,  Inverness,  N.B 27*632 

Applegarth  Manse  near  Lockerby,  N.B. 30*32 

Arbroath,  Co.  Angus,  N.B 28*211 

Liverpool    34*06 

Stratton,  Cornwall 40*89 

Uckfield,  Sussex 25*03 

Empingham,  Rutlandshire    ; i.  24*61 

Helston,  Cornwall , 37*80 

Kelso,  Roxburghshire,  N.B 24*42 

Makerstoun,  near  Kelso    21*27 

The  faU  at  Seathwaite  is  more  than  3  times  the  quantity  measured  at  Whitehaven, 
one  of  the  wettest  towru  in  the  kingdom.  It  exceeds  the  fall  at  Leeds  by  6  times ;  at 
Cttlloden  by  5^  times;  atDoncaster  and  Highfield  House,  Nottinghamshire,  by  5  times; 
at  Cirencester  and  Arbroath  by  5^  times;  and  at  Makerstoun  near  Kelso,  the  seat  of 
Sir  Thomas  Brisbane,  Bart.,  by  more  than  7  times. 

Seathwaite  exceeds  Doncaster,  in  January,  by  1 5  times ;  in  November  by  21  times ; 
and  in  December  by  9^  times.  It  exceeds  the  quantity  at  York,  in  January,  by  16 
inches,  or  20  times;  in  March  by  9  times ;  and  m  November  by  20  times.  It  ex* 
ceeded  Dublin,  in  March,  by  14  times ;  in  April  by  13  times ;  in  October  by  5  times ; 
and  in  November  by  7  times. 

The  quantity  measured  at  Seathwaite  and  Langdale  Head,  in  the  month  of  De- 
cemher  (24*02),  is  more  than  falls  at  some  places  in  Great  Britain  during  a  year. 

Mr.  Miller  said,  "  It  is  much  to  be  regretted  that  the  meteorology  of  our  lake  and 
mountain  districts  should  have  been  so  long  neglected.  Prior  to  the  establishment 
of  these  gauges,  there  were  none  stationed  in  the  lake  district  of  Cumberland,  and,  so 
far  as  I  am  aware,  only  two  among  the  lakes  of  Westmoreland,  yiz.  one  at  Esthwaite 
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Lodge,  and  the  other  at  Gratmere ;  and  the  largest  qnantitiei  measured  in  my  year 
were  86  inches,  and  90  inches  respectively.  And  so  startling  did  these  resiilti  imear 
to  meteorologists,  when  first  made  known,  that  many  were  led  either  to  doubt  tneir 
authenticity,  or  to  suspect  the  accuracy  of  the  instruments  employed. 

"  But  subsequent  investigation  shows  that  these  values  are  exhibited  in  some  por- 
tions of  the  lake  district  of  Cumberland  only  in  the  very  druMi  yean.  Thus,  in  the 
period  from  July  1844  to  June  1845  (which  for  drought  has  only  found  a  paiallel  in 
the  memorable  1826),  the  fall  at  Gatesgarth  and  Wastdale  Head  amountea  to  83*96 
and  88*42  respectively,  and  at  Grasmere  in  Westmoreland  to  74  inches  nearly.  But  we 
suspect  that  meteorologists  will  hardly  be  prepared  for  the  discovery,  that  we  have 
localities  in  our  own  country,  which,  even  in  average  years,  exceed  the  amount  of  nin 
annually  deponted  in  many  tropical  climates ;  yet  such  is  the  almost  incredible  foct. 
At  Grenada,  lat  1 2^  5',  the  average  fall  is  1 26  inches ;  at  St  Domingo,  kt  1 8^  W^  it  is 
120  inches ;  and  at  Calcutta,  in  lat.  22<>  35',  it  is  81  inches.  In  the  past  year  the 
quantity  measured  in  the  vale  of  Borrowdale  exceeds  the  largest  of  these  amoonts  by 
25*87  inches.  An  inspection  of  a  map  of  the  country  in  connection  with  the  table 
will  show,  that  the  wettest  portions  of  the  lake  district  are  those  situated  at  the  head 
or  eastern  eittremity  of  those  valleys  formed  by  our  highest  mountain  ridges,  amongst 
which  are  the  Great  Gabel,  Sea  Fell,  Glaramara,  Red  Pike  and  Uonistcr;  the  first 
being  apparently  the  grand  central  point  of  attraction  and  condensation  for  the  warm 
vapour  arriving  in  a  south-westerly  current  across  the  Atlantic ;  and  it  is  a  remark- 
able coincidence  that  nearly  all  our  lakes  bear  in  the  direction  of  Gabel,  so  that  if  ex- 
tended onward  in  a  direct  line,  they  would  all  converge  at  the  base  of  this  noUe 
mountain. 

'*  Immense  as  is  the  deposit  of  rain  at  Oatesgarth,  Grasmere,  Wastdale,  and  in  other 
portions  of  the  lake  district,  even  these  enormous  quantities  sink  into  comparative  in- 
significance when  compared  with  the  fall  at  Seathwaite,  a  small  hamlet  at  the  head  of 
the  vale  of  Borrowdale,  which  exceeds  the  wettest  of  the  other  localities  by  27*74  inches, 
or  by  one-fourth  nearly.  Now  it  is  chiefly  the  deposit  in  the  vale  of  Bont>wdale  which 
supplies  the  majestic  river  Derwent  and  the  extensive  and  picturesque  lakes  of  Der- 
went  and  Bassenthwaite,  so  that  we  might  d  priori  have  expected  to  find  the  greatest 
amount  of  rain  in  this  section  of  the  district. 

"  The  great  difierence  in  the  fall  between  places  closely  contiguous  to  each  other  is 
very  remarkable :  the  proportion  which  obtains  between  Rnnerdale  lake,  and  a  farm* 
house  about  1^  mile  distant,  is  as  2  to  1  nearly. 

"  Loweswater,  Buttermere  and  Gatesgarth  are  all  in  the  same  line  of  valley,  sui^ 
rounded  by  the  same  ridges  of  mountains,  and  are  each  distant  about  2  miles  from  the 
other.  Buttermere  exceeds  Loweswater  by  18  inches  or  one-fourth;  but  Gatesgarth, 
at  the  head  of  the  valley,  exceeds  Buttermere  by  36*65  inches,  or  near^  one-half.  Here 
the  difierence  between  the  head  and  foot  of  the  valley,  in  a  distance  of  4  or  5  miles,  is 
54*588  inches. 

"  But  the  great  increase  in  the  fall  towards  the  head  of  die  valleys  is  appreciable  at 
much  more  limited  distances.  At  Wastdale  Head  I  have  two  gauges  of  precisely  the 
same  size  and  shape,  and  within  a  quarter  of  a  mile  of  each  other,  yet  the  difierence 
of  the  receipts  in  a  single  month  sometimes  amounts  to  half  an  inch. 

**  The  annexed  statement  will  show  that  the  excess  is  always  in  fiivour  of  the  higher 
gauge  marked  No.  1. 


1845. 

No.  1. 

Mo.s. 

DUr. 

October 

November ... 
December  ... 

1846. 

January 

February    •.. 

March    

April  ..•.,,.„ 

12*35 
12*31 
16*18 

12-97 
6*60 

10*35 
6*59 
3*65 

11*89 
11*90 
15*78 

12-47 
6*58 

1007 
616 
3*44 

•46 
•41 

•40 

50 
02 
*28 
•43 
•21 

May  

J    ..••••••• 
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*<  The  durent  of  Tapour  ii  apparently  only  partially  decomposed  in  passing  over  a 
flat  or  eren  an  undulating  country;  it  aims  at  once  for  the  loftiest  heights,  passing 
over  the  less  hilly  districts  with  little  diminution  of  its  original  weight  or  volume.  But 
on  reaching  the  mountain  peaks,  the  sudden  change  of  temperature  causes  a  rapid  and 
continuous  condensation  m  the  form  of  vast  torrents  of  rain,  whilst  comparatively 
little  descends  on  the  adjacent  plains. 

'*  Aa  an  instance  of  the  low  temperature  on  our  mountain  tops,  I  may  mention  that 
on  making  the  ascent  of  Skiddaw,  on  the  5th  of  September  last  year,  the  thermometer 
on  the  summit,  at  noon,  stood  at  4P ;  sky  overcast,  the  sun  gleaming  out  at  intervals. 
The  temperature  of  a  strong  spring,  about  2  miles  from  the  summit,  was  also  41^. 
The  temperature  of  the  air  at  the  foot  of  the  mountain,  at  3>^  30*"  p*m.,  was  58^. 

**  Snow  not  unfrequently  continues  on  Sea  Fell  till  the  middle  or  end  of  June ;  we 
remember  seeing  a  patch  on  the  15th  of  June,  1843 ;  and  on  the  neighbouring  moun- 
tains the  air  was  so  intensebr  cold  that  we  think  it  could  not  be  more  than  2oor3o  above 
the  point  of  congelation.  That  the  rapid  increment  in  the  fall  of  rain  in  approaching 
mountainous  districts  is  owing  to  the  causes  above  alluded  to,  and  not  to  the  greater 
number  of  wet  days,  is  evident  on  an  inspection  of  the  table,  where  it  will  be  found 
that  we  have  as  many  wet  days  at  Whitohaven  near  the  level  of  the  sea;  indeed  it 
nu«ly  rains  in  the  lake  districts,  that  the  day  is  not  also  wet,  more  or  less,  at  tiie  ooast. 

**  And  in  comparing  the  number  of  wet  days  at  various  places,  we  not  unfrequently 
find  them  to  obtain  in  the  invene  ratio  to  the  fall  of  rain ;  thus,  in  1845,  they  range 
fimm  195  to  211  in  the  lake  district;  but  at  Manchester,  with  a  fall  of  41  inches,  they 
.mount  to  235 ;  at  Culloden,  with  a  fall  of  27  inches,  to  237 ;  but  at  Kendal^  where 
the  quantity  of  rain  is  53  inches,  the  wet  dajrs  are  only  178. 

"  At  Carlisle  the  wet  days  are  the  same  as  in  the  lake  disteict,  where  the  fall  is  four 
tinea  as  much. 

**  We  are  Informed  by  a  gentieman  recently  returned  from  India,  who  was  many 
years  medical  attendant  to  the  Rajah  of  Sattarah,  that  he  seldom  measured  more 
than  40  inches  of  rain  in  the  plain,  but  among  the  hills  30  miles  distant,  the  annual 
quantity  reached  350  inches ;  and  as  much  as  9  inches  has  been  known  to  fall  in  24 
hours. 

"  The  utility  and  beauty  of  this  arrangement  is  obvious,  since  the  mountain  torrents 
afford  a  continuous  supply  of  water  to  the  lakes  and  rivers,  which  otherwise  could 
ocareely  have  an  existence.  The  rivers  thus  called  into  being  aid  the  efforts  of  the 
husbandman  by  carrying  off  the  superfluous  moisture  from  the  plains,  which,  without 
such  a  provision,  would  be  in  danger  of  stagnating  into  pestilence." 


Readings  of  Mountain  Oaiuges^  June^  July  and  August  1846. 

By  J.  F.  Miller. 


Whitehaven*   

Fwt  above  Sea. 

Jtme. 

Jnlj. 

AvLgiuL 

100 

500 
3166 
2925 
1900 
1250 

160 
1850 

300 

incbM. 
2-311 

2-103 

5-000 

7*60 

6*55 

6-26 

5-33 

5*79 

6-29 

inehai. 
9061 
8*626 
14-380 
16-870 
22-730 
17-760 
16*820 
18-350 
22-125 

loebea. 
4066 
3-465 
7-050 
8*650 

12030 

11-030 
8*960 
8-150 

10-480 

Scilly  Banks,  near  ditto.. 
Sea  Fell  Pike 

Qreat  Gable 

Sparkling  Tarn 

Stye  Head  Pass    

VaUey  (Wastdale) 

Seatollar  (Borrowdale) ... 
Valley  (Seatiiwaite) 

In  March,  April  and  May,  the  higher  gauges  received  less  rain  than  the  lower;  in 
June  the  reverse  of  this  is  the  case,  owine  doubtless  to  the  greater  elevation  of  the 
nimbi  or  rain-clouds  in  the  warmer  months,  and  especially  when  the  air  is  highly 
charged  with  electricity,  as  was  the  case  last  month. 

*  On  the  spire  of  St  James's  Churchy  eighty  feet  above  the  street,  1*680. 
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The  number  of  gauges  iu  the  lake  districts,  in  addition  to  the  above,  is  twelve, 
most  of  which  are  read  off  daily. 

It  would  appear  from  the  average  results  since  April  last,  that  the  amount  of  vain 
increases  from  the  valley  upwards,  to  an  altitude  of  about  2000  feet,  and  gradually 
decreases  above  that  elevation ;  thus  the  gauge  at  Sparkling  Tarn  (1900  feet)  almost 
invariably  receives  more  than  any  other  of  the  gauges ;  much  however  depends  upon 
the  position  of  the  mountain  with  respect  to  the  prevailing  wind ;  thus  the  gauge  on 
Seatollar  (nearly  the  same  elevation  as  Sparkling,  but  bearing  neariy  due  north)  in- 
variably receives  less  rain  than  the  valley  at  the  end  of  a  month ;  nevertheless,  mea- 
surements made  at  short  intervals,  when  a  north  or  north-west  wind  had  prevailed, 
show  that  it  sometimes  receives  considerably  more. 

FaUofRainon  the  Coast  of  Travancore  and  Table  Landof  Uttree^from  Ob» 
servations  of  M.  General  Culleo,  Reeident  in  Travancore.  By  Lt.-Colonel 
Sykes,  FM.S. 

At  former  meetings  of  the  British  Association  I  have  had  the  means  of  submitting 
to  the  Physical  Section  facts  illustrative  of  the  meteorology  of  portions  of  Western 
India,  particularly  at  great  elevations,  such  as  at  Mahabuleshwur,  near  Sattarafa, 
at  the  height  of  4500  feet  above  the  sea,  and  at  a  distance  of  about  30  or  40  miles 
inland.  It  was  shown  that  the  fall  of  rain  in  one  monsoon  was  of  the  prodigious 
amount  of  302*21  inches,  or  more  than  25  feet  depth  of  water.  At  a  similar  height 
at  Merkara  in  Coorg,  about  5^  of  latitude  S.  of  Mahabuleshwur^  and  in  about  the 
same  longitude,  and  at  65  miles  from  Cananore  on  the  coast,  the  mean  fall  of  rain 
for  the  years  1838,  1839  and  1840,  was  143*35  inches.  Communications  from  my 
friend  General  Cullen,  the  British  minister  at  the  Travancore  court,  enable  me  to  ex- 
tend the  meteorological  observations,  at  least  as  far  as  relates  to  temperature  and  the 
fall  of  rain,  to  Cape  Comorin,  supplying  also  data  for  a  comparison  of  the  fidl  of  rain 
on  the  coast  and  at  short  distances  inland,  at  a  considerable  elevation.  I  may  state 
that  we  are  indebted  for  the  present  communication  from  India  to  the  stimulus  oc- 
casioned bv  the  publication  of  the  Mahabuleshwur  and  Merkara  observations  in  the 
volumes  of  the  Association.  General  Cullen's  letter  to  me  is  dated  Cochin,  tiie  27th  of 
July  1845,  and  he  states  that  he  had  been  in  the  habit  for  many  years  past  of  observing 
the  meteorology  of  his  location,  wherever  that  mieht  be,  but  that  the  pressure  of  bis 
pubUc  duties  nad  disabled  him  from  reducing  and  arranging  the  observations,  parti- 
cularly the  barometrical.  He  had,  however,  been  enabled  to  transmit  to  the  govern- 
ment of  Madras,  statements  of  the  fall  of  rain  along  the  western  or  Malabar  coast  of 
Hindoostan,  from  Cape  Comorin  in  Travancore,  lat  8^  4',  to  the  town  of  Cochin  and  to 
Panlehatcherry,  in  lat.  10°  45',  as  well  as  at  several  inland  stations  in  the  provinces  of 
Cochm  and  Travancore ;  and  in  the  Company's  district  of  Tinnevelly,  on  tne  east  aide 
of  the  Gh&ts,  for  the  years  1841, 1842  and  1843.  These  statements  were  accompanied 
with  explanations  which  I  shall  shortly  notice.  In  the  year  1841  the  stations  adeded 
in  Travancore  were  5 ;  but  the  observations  did  not  commence  at  Nagercoil,  Trevan- 
drum  and  Quilon,  before  the  month  of  May ;  and  at  Allepy  and  Cochm  in  the  mondi 
of  June.  The  stations  on  the  east  side  of  the  Gh&ts  were  3 ;  at  Vaurioor  the  obser- 
vations commenced  in  June,  at  Shenkotah  in  July,  and  at  Palamcottah  not  before 
October.  As  the  observations  are  not  for  equal  periods,  I  shall  confine  myself  to  ob- 
serving that  both  the  Malabar  and  Coromandel  coasts  appear  to  have  been  subjected  to 
both  monsoons,  the  S.  W.  and  N.£.  rain  having  fallen  at  all  the  stations  in  the  months 
of  October,  November  and  December,  as  well  as  in  the  usual  S.W.  monsoon  months  of 
June  to  September  inclusive.  In  the  year  1842  the  stations  in  Travancore  and  Cochin 
were  extended  to  8,  and  the  observations  were  for  the  whole  vear,  with  the  exception  of 
Tritchoor  and  Chittoor,  where  they  did  not  commence  until  iilay,  and  at  Koravantava- 
lum,  where  they  did  not  commence  until  August.  At  the  three  former  stations  in  Tin* 
nevelly  the  observations  were  for  the  whole  year.  In  this  year,  although  both  mon- 
soons appear  to  have  operated  upon  both  coasts  in  the  months  of  August,  September, 
October  and  November,  yet  in  the  month  of  December  rain  only  fell  on  two  days  on  the 
Travancore  coast,  and  only  five  times  at  Palamcottah  on  the  opposite  coast  The  same 
discrepancies  exist  with  respect  to  the  months  of  January,  February  and  March,  rain 
having  only  fallen  on  thirty-eight  days  at  all  the  eleven  stations  together,  on  both 
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during  those  three  months.  In  the  year  1 843  CapeComorin  is  added  to  the  eight  stations 
in  Travancore,  and  the  observations  at  all  the  stations  are  for  the  whole  year.  At  Cape 
Comorin^  at  an  elevation  of  fifty  feet  above  the  sea,  we  have  the  sinaular  fact  of  not  a 
single  shower  having  fallen  in  the  months  of  February,  March,  Apru,  August  and  No- 
vember, months  belonging  to  both  monsOons ;  and  the  fall  for  the  whole  vear  at  Cape 
Comoriii  was  only  19'2  inches.  At  Falamcottah,  on  the  Coromandel  side,  there  was 
not  a  single  fall  of  rain  in  the  months  of  June,  July,  August  and  September,  and  only 
1  and  3  and  1  and  4  falls  resnectively  in  the  months  of  February  and  March,  at  aU 
the  stations  in  Tinnevelly.  The  total  fall  at  each  station  exhibits  a  rapid  increase  in 
quantity,  in  increasing  the  latitude,  as  is  shown  by  the  annexed  tabukr  statement* 


TBAVAMCOmi. 


FkomMay 
only,  1841 

1843 

1843 


CafwComorin, 
50  feet 
ftbore 


i§ 


32 


ll 


19*2 


NagercoU, 
180  feet 
■bovei 


73 
63 
71 


a 


46*8 
35-7 


Txtfvadnm, 
ISO  feet 
ftbore 


Quilon, 

30  feet 

ftbove 


103 
97 


42-6  124 


!  a 


86-07 

57-7 
85-45 


o  B» 


124 
131 
121 


-1^ 

<3  a 


94-76 
81-06 
105-7 


KoniTUltBTft- 

lum,  300  feet 
■bore 


Ineomplete 


152 


129^ 


SO  feet 
above 


140 
168 
184 


96-8 
104-5 
131-85 


Cochin. 


From  May 
only,  1841 

1842 

1843 


Cochin, 

so  feet 

above 


124 
119 
138 


77-3 
106-27 
124*49 


TUtchoor, 

60  feet 
above 


Ineompleteb 
129  104-4 


129 
115 


80-15 


ChittooTf 

400  feet 

above 


Ineomplete. 
82     52-3 


108 


68-6 
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Shenkotah, 
fiOOorZOOfSDet 
above 


28 
51 
68 


3V48 
39-45 
48*1 


Falamcottah, 
MOfiBet 
above 


Aom  Oct. 
14-57 


20 
71 

58 


23-1 
26-9 


Vaurioor, 

00  feet 
above 


29 
60 
66 


18-05 
20-27 
25-75 


It  exhibits  also  the  fact  of  the  total  fall  on  the  Coromandel  side  bearing  no  compari- 
son to  that  on  the  Travancore  side.  For  instance,  at  Shenkotah,  at  the  east  base  of 
the  GbAts,  sixty  miles  from  the  sea  coast  of  Travancore,  and  about  eighteen  miles  due 
east  of  Koravantavalum  on  the  west  side  of  the  Gh&ts,  and  forty  miles  from  Quilon,  the 
fall  of  rain  at  Shenkotah  was  48*1  in.  in  1843,  and  at  Koravantavalum  129  inches, 
both  places  being  at  a  considerable  elevation.  Falamcottah  again  is  in  the  latitude 
of  Qnilon,  is  sixty  miles  from  the  western  coast,  and  thirty  miles  east  of  the  chain  of 
GliAls.  Here  the  fall  of  rain  was  26*9  inches  in  1843,  while  at  Quilon,  on  the  western 
coast,  the  fall  was  105*7  inches.  Cape  Comorin  and  Vaurioor  are  placed  in  the  same 
category,  but  the  former  is  in  Travancore  and  the  latter  in  Tinnevellv,  the  latter 
being  only  three  miles  K.  and  a  little  £.  from  the  former ;  but  the  difi^rence  is  6 J 
inches  of  rain  in  favour  of  Vaurioor.  The  next  feature  is  the  singularly  limited 
fall  of  rain  at  Cape  Comorin  and  Vaurioor,  both  of  them  situated  at  the  extremity  of 
the  peninsula  of  India,  and  both  freely  exposed  to  the  first  action  of  both  monsoons, 
N.W.  and  S.E.,  and  yet  the  amount  of  rain  is  not  one-fifth  the  amount  of  that  which 
faUs  at  places  on  the  Travancore  coast,  a  few  miles  N.W.  Nagercoil  is  the  next  sta- 
tion to  Cape  Comorin  and  comes  into  the  same  category,  but  it  is  nine  miles  inland, 
and  thougn  so  near  to  Cape  Comorin,  has  a  fall  of  rain  more  than  double  that  of  the 
Cape.  The  next  feature  is  the  great  and  progressive  increase  in  the  fall  of  rain  which 
takes  place  at  the  respective  stations  as  they  lie  north-westward  from  Cape  Comorin, 
along  the  western  coast.  Trevandnim,  Quilon  and  Allepy,  are  apparently  under  nearly 
similar  physical  circumstances  on  the  coast,  yet  the  first  in  1843  had  only  85  inches, 
the  second  105,  and  the  last  131  inches  of  rain.    Chittoor,  which  is  fifty-five  miles  in- 
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land  £•  from  Quilon,  and  in  the  gom  of  the  great  eap  in  the  OhAls  at  Palghat,  which 
opens  to  the  Coromandel  ooait  of  Tlnuevelly,  ana  on  the  high  road  it  might  be  said 
of  the  aqueous  vapour  of  both  monsoons,  had  only  68  inches,  while  AUepj,  on  the 
open  coast,  had  131  inches,  and  Cochin  124  inches.  The  fall  is  greatest  on  the  sea 
coast,  diminishes  at  stations  inland  to  the  foot  of  the  Ghftts,  but,  as  I  shall  have  oc- 
casion to  show,  increases  enormously  on  ascending  the  Ghits  to  their  plateana  or  table- 
lands. 

General  Cullen  says  it  is  difiScult  to  attempt  explanation  of  the  differences  in  the 
amount  of  rain  exhibited  in  his  tables ;  but  he  offers  some  remarks  on  the  winds  and 
physical  structure  of  the  country  as  necessarily  influencing  the  distribution  of  rain. 
The  peninsula  of  India,  as  is  known,  is  in  a  triangular  form,  the  apex  of  which  is  Cape 
Comorin.  The  western  Gh&ts  in  maps  appear  to  run  continuously  without  break  from 
Cape  Comorin  to  the  24  or  25^  of  latitude  N. ;  but  such  is  net  the  case.  The  land 
witnin  tlie  apex  of  the  triangle  to  Palghat,  a  distance  of  160  miles,  rises  precipitously 
into  a  table  land  2000  or  3000  feet  high,  with  peaks  and  masses  attaining  an  elevation 
of  5000  or  6000  feet  It  has  at  its  sides  a  narrow  low  tract  of  land  on  both  coasts.  In 
the  latitude  of  Palghat,  this  table  land  suddenly  terminates  in  a  chasm  or  s^ap  forty 
miles  long  by  thirty  miles  broad,  without  a  single  hill  or  ridge.  There  are  other  gaps, 
but  of  less  marked  character ;  in  one  of  these  stands  Shenkotah.  It  might  be  supposed 
the  continual  passage  of  aqueous  vapour  through  these  gaps  would  continually  drench 
them ;  but  such  is  not  the  case,  as  the  vapour  passes  through  only  partially  condensed ; 
for  Chittoor,  which  is  at  the  western  gorge  of  the  Palghat  gap,  has  only  68  inches  of 
rain  and  Shenkotah  only  48  inches ;  both  however  have  rain  in  every  month  of  the 
year,  excepting  February  at  Chittoor,  and  in  the  month  of  November,  at  both  places, 
there  was  onlv  one  fall  of  rain.  The  paucity  of  rain  at  Palamcottah,  General  Cullen 
attributes  to  the  intercepting  of  the  vapour  of  the  western  monsoon  by  tiie  taUe  lands 
of  Travancore.  But  this  does  not  explain  the  paucity  of  rain  at  Cape  Comorin  and 
Vaurioor,  which  are  open  to  both  monsoons ;  and  why  should  they  not  be  deluged  at 
least  by  the  S.  W.  monsoon  as  well  as  AUepy  or  Cochin  f 

General  Cullen  made  the  observations  which  I  have  adverted  to  without  a  view  to 
the  illustration  of  anv  particular  meteorological  phases  or  pheenomena ;  but  observing 
the  publication  in  the  annual  volume  of  the  Association  of  the  extraprdlnary  UJH  of 
rain  at  high  elevations,  as  at  Mahabuleshwur  and  Merkara,  he  was  induced  to  ascei^ 
tain  whether  a  similar  fact  obtained  on  the  high  lands  of  Ttavancort,  He  therefore, 
on  the  23rd  of  June  1844,  established  a  pluviometer  at  a  spot  called  Uttree  Mullay. 
thirty  miles  £.N.£.  of  Trevandrum,  at  an  elevation  of  460O  feet  aboTe  the  sea 
(about  that  of  Mahabuleshwur),  and  continued  his  observations  simultaneouslv  with 
others  at  Trevandrum  and  Quiion  on  the  coast  until  the  end  of  December.  Tne  UH 
of  rain  on  the  table  land  was  164  inches,  while  the  ikll  at  Trevandrum  and  Quiion 
respectively  was  only  36  and  36^  inches.    The  variation  of  the  monthly  nean  tem- 

?erature  at  Uttree  Mullay  was  only  from  64^  to  67^  Fohr.,  and  at  Trevandrum  from 
7J°  to  78t*»  Fahr. 


1844. 
June  23  to  30 
July 

Tnnpwstore. 

Rsin. 

Uttree  Mulltj, 
4000  feet. 

Xrevandrum, 
ISO  feet 

Uttree  Mullay, 
4000  feet. 

Trersodruin, 
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67 
64 
66 
66 
65 
64 

78 

m 

78i 

78* 
77i 
78 

S6| 

83 

6 

41i 
36^ 
23 

H 
H 

August 

September  ••. 

October  

November  ... 
December   ••• 

Total 

66i 

7H 

164 

36 

86 

Had  the  observations  extended  through  the  whole  year,  no  doubt  the  contrast  would 
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bave  been  much  greater ;  but  as  it  ig,  it  is  sufficiently  remarkable  K  Above  1(K)  inches 
of  the  rain  which  fell  at  Uttree  Mullay  occurred  in  the  months  when  the  S.W.  mon- 
soon is  considered  to  have  ceased  on  the  western  or  Malabar  coast,  and  may  there- 
fore be  said  to  belong  to  the  N.E.  monsoon  of  the  Coromandel  coast.  There  appear 
to  have  been  two  occasions  when  the  fall  of  rain  was  remarkable  in  twenty-four 
hours.  On  the  10th  of  October  there  fell  9  inches,  and  on  the  26th  of  November 
there  fell  7*39  inches;  but  there  also  fell  from  the  6th  to  the  1 0th  of  October  inclu- 
sive, 29*4  inches,  averaging  nearly  6  inches  daily,  or  more  than  falls  in  most  of  the 
counties  in  England  in  a  twelvemonth.  I  am  glad  to  communicate  the  assurance  of 
General  Cullen,  that  not  only  will  he  continue  these  interesting  observations  throughout 
the  year,  but  that  he  has  also  established  two  pluviometers  in  the  central  table  land  of 
Travancore,  which  is  about  thirty  miles  across  to  the  Coromandel  side ;  one  at  Perre* 
gaar  at  2300  feet,  and  another  en  the  eastern  or  Coromandel  edge  at  an  elevation  of 
.  3600  feet.  General  Cullen  considers  the  area  of  this  table  land  to  be  about  2000 
square  miles,  much  of  it  at  an  elevation  of  4000  feet.  He  states  that  it  is  lost  to 
civilization,  from  the  Travancore  government  drawing  only  cardamoms  from  it,  and 
rigorouslv  prohibiting  culture  to  protect  their  cardamom  monopoly.  The  main  fea- 
tures of  tnese  observations  correspond  with  those  of  Mahabuleshwur  and  Mcrkara,  and 
testify  to  one  of  those  benevolent  provisions  of  nature  which  the  inquirer  always 
meets  with,  of  the  continuous  impingement  cf  aqueous  vapour  upon  mountain  maasesy 
occasioning  very  great  condensation,  and  furnishing  the  perennial  sources  of  springs  and 
rivers.  Tne  apparent  discrepancy  of  the  comparatively  small  fall  of  rain  at  Chittoor, 
situated  in  the  midst  of  the  great  eap  of  Palghat,  confirms  this  view ;  for  though  the  va- 
pour is  constantly  driving  through  the  gap,  it  does  not  meet  with  any  impediment  to 
force  it  up  into  a  much  lower  temperature  than  its  own,  and  it  is  therefore  only  partiaUy 
condensed.  The  paucity  of  rain  however  at  Cape  Comorin  and  Vaurloor,  both  open 
more  or  leas  to  both  monsoons,  does  not  admit  of  a  ready  solution.  If,  as  General  Cuuen 
asserts,  the  S.W.  moonsoon  beats  rather  from  the  N.W.  and  westerly  points  than  from 
the  S.W.,  it  cannot  be  said  that  Ceylon  intercepts  the  vapour  from  Cape  Comorin ; 
and  then,  why  is  there  a  fall  of  131  inches  and  124  inches  respectively  at  Allepy  and 
Cochin  on  the  open  coast,  and  only  19  inches  at  Cape  Comorin?  With  respect  to  the 
N.£.  monsoon,  some  of  its  vapour  may  be  cut  off  from  Cape  Comorin  by  shoulders 
or  peaks  from  the  table  land  of  Travancore,  and  yet  the  whole  mass  of  the  table  land 
does  not  prevent  Trevandrum  and  Quilon  from  receiving  a  portion  of  the  N.E.  mon- 
soon, as  is  shown  in  the  preceding  table.  A  closer  attention  to  local  physical  circum- 
stances is  evidenUy  necessary  before  a  rational  account  can  be  given  of  these  discre- 
pancies ;  but  General  Cullen  is  too  zealous  an  observer  not  to  work  out  the  question ; 
and  I  look  to  being  enabled,  at  a  future  meeting  of  the  Association,  of  laying  before 
this  Section  a  continuation  of  General  Cullen 's  observations  and  a  satisfactory  solu- 
tion of  the  existing  difficulties.  ___.^_ 

On  a  New  Portable  Azimuth  Compass.    By  E*  J.  DsnTi  FM^.S. 

Mr.  Dent  exhibited  this  instrument«  The  magnetic  needle  wai  suspended  in  an 
inner  case,  and  that  again  fitted  in  an  outer  case  in  sudi  a  manner  as  to  admit  of 
having  either  its  ends  reversed  so  as  to  eliminate  errors  of  centring »  or  its  faces  re- 
versed so  as  to  eliminate  the  error  of  coUimation. 


On  the  Relations  of  the  Semi-Diumal  Movements  of  the  Barometer  to  Land 

and  Sea^Breezes.    By  Thomas  Uopkiks. 

Mr.  Hopkins  exhibited  diagrams,  drawn  up  from  Col.  Sabine's  paper  '  On  the  Me- 
teorology of  Bombay,'  of  the  diurnal  temperature  curve,  total  pressure  curve,  and  ga- 
seous pressure  curve ;  with  a  diagram  representing  the  swelling  and  sinking  of  the 
land  and  sea-breezes ;  and  endeavoured  to  show  that  these  were  inconsistent  wilh  the 
explanation  given  by  Col.  Sabine,  but  harmonised  with  alternations  of  pressure  caused 
by  the  alternate  extrication  of  heat  and  absorption  uf  it  during  the  alternate  evapora- 
tions and  depositions  of  water,  in  the  state  of  clouds  and  dew. 

*  Since  this  paper  was  read  it  has  been  ascertained  that  the  fUl  of  rain  fost  the  whole  yes 
was  290  inchesb 
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Abstracts  of  Meteorological  Observations  made  ai  Aden  in  1845. 
By  William  Mayes,  Serjeant  in  7th  Regiment, 

I.  Hourly  Means^  for  the  Month  of  February,  of  the  Temperature  of  a  Thermometer 

observed  in  the  Sun. 


Time.         Mean  of  Ilienn.  &adingB. 

Max. 

liin. 

8  A.M. 

83*9  — 

90-0  — 

80-0  — 

'        9 

88-5  — 

93-2-. 

80-0  — 

10 

91-9  + 

97-3-h 

82-0  — 

11 

95-1 -h 

99-2  + 

90-0  + 

12 

96-9  4-  +  max. 

100-2  H-  -h  max. 

90-0 -f 

Ip.m. 

96-14- 

99-3  + 

92*0  4-  +  m^* 

2 

94-4  + 

98-2 -h 

90-0  + 

3 

91-5  + 

94-0  — 

86-0  + 

4 

87-9  — 

91-2-. 

84-0  — 

5 

82-5  — 

86-0  — 

79-0  — 

G«n«nl  Mean  ftir  1  qa^Q 
1  thehoun  obieryed  J^^^ 

S?}^-8 

^{85-3 

The  readings  above  the  average  are  marked  +  (the  maxima  being  marked  -|~  +)i 

and  those  below  the  average  — . 

1 1.  Mean  s  of  Dry  and  Wet  Bulb  Thermometers,  in  February  1 845,  at  the  foUowiogHours. 


Hour. 

Dry  Bulb. 

Wet  Butt). 

Di£ 

2  A.M. 

4 

6 

8 

9 
10 
12 

2    P.M. 

4 

6 

8 

9 
10 
12 

76*9 
76-6 
76-4 
78-4 
79-9 
80-8 
81*9 
81-5 
79-9 
78-8 
78-3 
77-8 
77-9 
77-9 

73-7 

73-9 
73-8 
74-4  + 
74-7  + 
75-3  + 
74-9  f 
75*4  + 
74-7  + 
74-3 
74-2 
74-3 
74-8  • 
73-9 

3*2 
2-7 
2-6 
4-0 
5'2 
5-5 
7-0 
6-1 
5-2 
4-5 
4-1 
3-5 
3*8 
4-0 

Oenenl  Means  at  \  70./) 
•tated  by  the  author  j" ' »  " 

74-3 

Meana  deduced  1  70.0 
firom  the  columns  J  *^  ^ 

74-4  + 

4-4  _ 

III.  The  barometric  curve  at  Aden  on  the  24th  and  25th  of  March  1845,  corrected 
for  temperature,  had  two  maxima,  viz.  a  principal  one  at  10  a.h.  and  a  lesser  one  at 
10 — 11  P.M.:  it  had  two  minima,  viz.  at  2 — 3 — 4p.m.  and  4a.m.  The  extreme 
diff.  from  the  lowest  min.  (2 — 3  p.m.  on  the  24th)  to  the  highest  max.  (10  a.v.  on 
the  25th)  is  30*07  i  —  29*859  =  0*215.  The  author  appends  a  column  of  corrections 
for  the  moisture  of  air.  «-.^— «_ 

Meteorological  Observations  taken  at  Fort  George  Barracks,  BonAoyy 
in  JtUg,  August^  September  and  October  1845.  By  William  Mayes, 
Sefjeant  in  7  th  Regiment. 

The  instruments  observed  are  dry  bulb  thermometer,  wet  bulb  thermometer,  and 
•  In  the  MS.  this  is  written  74*8,  but  the  correct  mean  is  74*1* 


\    « 
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*_ » 


«  •</ 


(for  part  of  the  time)  rain-ffauge.  The  wind  is  recorded  in  direction\n4^J^i«A^^ 
in  force ;  and  the  state  of  the  sky  and  character  of  weather  are  noticed  ui^(Uii9!l 
daily.  ^^**^ 

The  hours  for  registration  of  instruments  are  sunrise,  9  a.m.,  2  p.m.,  sunset,  9  p.m. 
The  max.  mm.  and  range  of  the  daily  observations  are  entered,  with  the  several  ob- 
servations in  tables.  [After  the  7th  of  October  the  observations  were  taken  at  Calabar 
Barracks.]     We  extract  the  following  general  results : — 


#v^ 


lieu  Temp. 

ICax.  Tonp. 

ICean 
Min.  Temp- 

Eztmne 
lCax.Tenp. 

Estrone 
Hln.  Temp, 

MeendUr. 
of  Dry  end 
Wet  Bulb. 

Extreme 
diir.  of  Dry 

and 
Wet  Bulb. 

July 

82*8 
81-3 
81-7 
85-0 

85-3 
83-8 
84-7 
89*9 

80-3 
78-8 
78-8 
80*1 

910 
86-5 
890 
97-2 

78-0 
77-0 
76-8 
74*0 

4*9 
4-1 
5-0 
7-9 

9-0 

7-5 

9-0 

10*6 

*"/  ••••••••• 

August 

September.. 
October 

New  Experimenis  on  Eledro-Moffnetism.    By  Prof.  Wartmank. 

Since  the  discovery  made  last  year,  by  Dr.  Faraday,  of  the  action  of  magnets  upon 
polarized  light  passing  through  different  media,  it  became  interesting  to  ascertain 
whether  this  influence  is  limited  to  the  rotation  of  the  plane  of  polarization  of  the  ray. 
Numerous  experiments  have  shown  that  no  change  whatever  u  undergone  by  the 
fixed  lines  of  the  spectrum,  either  in  position,  or  in  quantity  or  visibility,  when  they 
are  produced  by  rays  of  natural  or  artificial  light,  common  or  polarized,  which  have 
been  made  to  go  tnrough  different  substances,  such  as  air,  nitrous  acid  gas,  water, 
alcohol,  oil  of  turpentine,  syrup  of  sugar,  a  solution  of  ferruginous  alum,  or  a  long 
prism  of  flint  glass,  put  in  the  sphere  of  action  of  powerfm  electro-magnets.  As 
tar  as  those  researches  have  been  brought,  they  lead  to  the  conclusion,  that  neither 
light  nor  the  medium  suffers  any  constitutional  derangement  which  could  alter  the 
property  of  the  ray  to  be  partially  absorbed  when  it  is  refracted  through  a  prism, 
rhe  view  f^enerally  entertained  by  foreign  phUosophers  as  to  the  real  action  of  the 
niagnet  being  one  upon  the  material  substance  which  fi;ives  way  to  the  luminous  ray, 
it  became  necessary  to  test  whether  the  new  magnetical  state  of  molecular  equilibrium 
would  not  be  concordant  with  some  new  properties  of  chemical  affinity.  Indeed,  it 
haa  long  affo  been  asserted  by  Ritter,  Fresnel,  Hansteen,  Murchmann,  Lodeck,  Mur- 
ray and  others,  and  more  recently  by  Mr.  Hunt,  that  the  magnets  have  a  decided  in- 
fluence upon  chemical  phsenomena.  I  have  taken  advantage  of  powerful  electro- 
magnets, which  are  put  in  action  by  sixty  pairs  of  Bunsen's  battery,  to  make  some 
fresh  trials  upon^  the  subject,  convinced  that  such  means  would  afford  me  an  oppor- 
tunity of  witnessing,  if  any,  far  more  decisive  actions  than  those  which  have  oeen 
described.  But  all  my  attempts  have  proved  unsuccessful  to  produce  any  difierence 
in  the  electrolysis  of  acidulated  water  of  ferruginous  dissolutions,  or  in  the  electro- 
chemical decomposition  of  sulphate  of  copper,  or  of  acetate  of  lead  by  soft  iron.  All 
the  results  have  been  carefully  and  repeatedly  tested  by  accurate  weighings ;  and  in 
the  case  of  the  electrolysis  of  water,  I  employed  electrodes  of  soft  iron  gilt  by  elec- 
trical process,  and  supported  by  the  very  poles  of  the  magnets,  with  the  interposition 
of  a  film  of  mica  as  thin  as  possible.  The  apparatus  have  been  placed  in  afl  direc- 
tions relative  to  terrestrial  magnetism,  and  the  poles  of  artificial  magnets  have  been 
made  to  act  both  separately  or  together,  without  any  different  result  whatever.  But 
in  expressing  this  my  opinion,  I  must  add  that  I  mean  not  to  say  that  magnetism  is 
not  able  to  interfere  with  molecular  disposition,  which  is  quite  a  different  view  of  the 
subiect,  though  it  has  not  perhaps  been  sufficiently  distinguished  from  the  former  one. 
Indeed  we  have  ample  evidence  that  this  is  the  case  under  favourable  circumstances. 
Thtfse  experimental  inquiries  have  led  me  to  ascertain  two  facts  which  it  may  perhaps 
not  be  impr^er  to  state  here.  If  a  chemical  action  is  produced  by  the  immersion  of 
two  pieces  of  soft  iron  into  a  liauid  which  is  able  to  corrode  them,  or  to  be  decon^ 
posed  by  the  metal,  and  if  the  poles  of  a  magnet  be  applied  upon  these  cores,  an  e) 
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tro*inAgnetio  rotation  takes  place  all  round  each,  which  is  in  the  lenie  of  the  hypo- 
thetic  currents  of  Ampere.  Prof.  Grove  has  just  pointed  out  to  me  that  such  an  action 
had  been  stated  bv  Dr.  Christie,  though,  as  far  as  I  know,  it  had  been  referred  to 
by  no  treatise  on  electro-maffnetism,  and  that  he  himself  had  witnessed  the  phsno- 
roenon  many  times.  The  otner  fact  -seems  to  be  of  a  higher  interest,  since  it  declares, 
as  it  were,  to  the  eye,  what  may  be  called  the  lines  of  chemical  affinities.  I  s^^all  now 
content  myself  by  merely  describing  what  I  have  been  able  to  witness  and  to  show  to 
many  scientific  men,  reserving  for  a  future  occasion  to  complete  this  communication 
and  to  dwell  upon  the  theoretical  part  of  the  subject.  Common  sulphate  of  copper  is  to 
be  dissolved  in  water,  and  a  cylinder  of  soft  iron  dipped  into  it ;  as  soon  as  the  first 
deposit  of  copper  has  taken  place,  it  is  easy  to  perceive  all  round  the  cylinder  light 
films  of  a  blue  matter  which  are  extending  themselves  as  diverging  rays  from  the  very 
centre  of  the  cylinder  which  may  be  thought  to  represent  the  centre  of  the  chemical 


tion,  I  suppose  this  substance  to  be  a  subsulphate  of  copper,  and  Prof.  H.  Rose  is  of 
the  same  opinion;  but  from  want  of  time  and  scarcity  of  matter,  I  have  not  yet  been 
able  to  submit  it  to  analysis.  During  the  progress  of  its  manifestation,  the  nature  of  the 
liquid  is  always  varying,  sulphate  of  iron  taking  the  place  of  a  corresponding  quantity 
of  sulphate  of  copper.  When  this  change  has  reached  a  certain  extent,  the  phsnome- 
non  ceases  to  spread.  It  is  then  like  to  a  large  passion-flower,  with  slender  stamina 
terminated  by  a  continuous  circular  and  opake  ridge  of  thick  antherse.  Its  figure, 
which  is  altogether  independent  of  the  nature  and  the  form  of  the  vessel,  is  very  geome- 
trical. After  naif  an  hour,  more  or  less,  this  extraordinary  design  fades  by  the  deposition 
of  the  matter  at  the  bottom  of  the  trough.  When  two  cylinders  are  used  in  the  same 
plate,  two  of  the  rays  meet  each  other  perpendicularly  on  the  line  of  shortest  distance  of 
the  centres.  Others  join  in  direction  more  and  more  oblique,  and  beine  totally  deprived 
of  the  faculty  of  entering  their  relative  dominions,  they  incurve  themselves  in  hyperbdic 
arches.  Thus  a  perfectly  straight  line  is  formed  which  cuts  into  two  halves  the  line 
of  shortest  interval.  It  is  scarcely  necessary  to  add  that  the  rays  which  are  not  to 
meet  others,  extend  as  in  the  first  case  described.  With  three  centres  situated  at  the 
summits  of  an  equilateral  triangle,  the  lines  of  separation  intersect  each  other  in  a 
point  which  is  at  equal  distance  trom  the  summits,  and  thence  run  perpendicular  to  the 
three  sides  of  the  triangle.  The  diverging  rays,  opposite  in  two  directions,  are  much 
inflected.  The  whole  of  the  figure  is  perfectly  regular.  These  rays  are  not  affected 
in  their  development  by  the  miupetization  of  the  cylinders ;  at  least,  if  one  observa- 
tion made  on  tnis  point  suffices  for  deciding  the  question.  If  there  are  but  two  cylin- 
ders, and  if  they  are  lifted  up  in  the  liquid  by  means  of  an  appropriate  hotve-ahoe 
magnet,  it  is  possible  to  move  them  very  slowly  without  any  disturbsoce  of  the  figora, 
and  particularly  without  the  least  incurvature  of  the  line  of  separation,  which  follow 
the  cylinders  Wkwards  and  forwards,  as  if  firmly  tied  together.  But  a  shock  looaena 
all  those  particles  geometrically  adherent ;  they  nil  down,  and  all  the  design  vanidiei. 


Summary  <f  Researches  in  Eledro^Physiology*    By  Prof.  Mattettoct. 

In  the  first  place  he  described  the  experiments  which  prove  that  the  developowDt  of 
electricity  in  bring  animals  is  a  phaenomenon  appertaimng  to  all  oiganic  tianies^  and 
principally  to  muscular  fibres,  and  that  it  is  a  necessary  consequence  of  the  chemical 
processes  of  nutrition.  He  particularly  wished  to  prove  &at  the  development  of  elec- 
tricity in  the  muscles  can  never  produce  electric  currents  which  circulate  either  in  die 
muBOular  mau  or  in  the  nerves.  It  is  only  by  a  particular  arrangement  of  the  «xpe* 
riment  that  we  succeed  in  obtaining  a  muscular  current 

Further,  all  experiments  contradict  the  opinion  of  an  electrical  current  existing  in 
the  nerves.  M.  Matteuod  proved  that  the  current  said  to  be  proper  to  the  frog  is 
on  the  contraiy  a  general  nhsenomenon  which  exists  in  all  the  muscles  that  have  ten* 
dinous  extremities  unequally  distributed,  and  that  this  current,  supposed  to  be  peci:diar 
to  the  frog,  is  only  a  particular  instance  of  muscular  current  In  the  second  plaae. 
the  Professor  laid  before  the  Section  his  last  researches  on  electrical  fishes.  He  showed 
that  the  laws  of  the  electrical  shock  of  these  animals  are  a  necessary  consequenoe  of 
the  development  of  electricity,  which  is  produced  in  each  cell  of  the  dectrieal  organ 
under  the  mfluence  of  the  nervous  power.  In  the  third  place,  he  showed  the  relalioa 
which  exists  between  the  electrical  current  and  nenrous  power,  and  pnrrad  that  mii»- 
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cnkr  contnction  is  always  prodaced  by  a  pTuenomenon  analogous  to  the  electrical 
spaik,  and  that  the  electrical  current  does  but  modify  the  nerrous  excitability.  On 
these  facts  M.  Matteucci  establishes  a  simple  theory  of  electro-physiological  phseno- 
mena.  In  the  last  part  of  his  communication  he  treated  of  inducted  contraction ;  and 
after  having  demonstrated  that  these  phaenomena  cannot  be  explained  in  supposing 
an  electrical  discharge  of  any  kind  indiscriminately,  he  concluded  that  inducted  con* 
traction  is  an  elementary  phsenomenon  of  the  nervous  power,  which  acts  in  muscular 
contraetion,  and  is  analogous  to  all  the  actions  of  induction  of  physical  forces. 


On  the  IdetUUy  ofeeriam  VUxd  and  EledrtHnoffnetic  Lawi. 

j3y  Joseph  Bullar,  MJ). 

The  object  of  this  paper  was  to  show  that  the  direction  and  formation  of  bleed* 
vessels  and  the  capillary  circulation  through  them,  which  is  independent  of  the  pro- 
pulsive power  of  the  heart,  are  in  accordance  with  laws  of  the  vital  force,  identical  in 
their  direction  and  relation  to  each  other  with  those  of  the  electro-magnetic  force. 
In  such  an  investigation  the  fomu  of  bodies  were  considered  of  the  hi^est  import- 
ance* Grrowth  is  invisible,  but  the  forms  it  produces  are  the  evidence  of  the  unseen 
vital  force,  and  by  announcing  its  direction,  aetermine  its  law.  To  seek  therefore  the 
primary  forms  of  which  others  are  mere  varieties,  and  to  ask,  "  From  what  direction 
of  the  living  force  does  such  a  form  derive  its  shape?"  is  a  legitimate  step  towards  the 
discovery  of  the  cause  of  that  form«  the  **  formal  cause"  of  Bacon,  or  the  Uw  in  mo* 
deni  language.  The  formation  of  blood  and  blood-vessels  in  the  gemunal  membrane 
which  grows  round  the  embiyo  during  the  incubation  of  a  hen's  egg,  was  taken  as  a 
•imple  type  of  this  process.  The  smafi  whitish  disc  on  the  yolk-bag  (the  cicatricula), 
is  toe  spot  where  the  vital  changes  begin.  The  embryo  occupies  the  centre  of  this 
spoty  and  becomes  the  centre  of  the  vital  force  excited  by  the  mother's  warmth.  From 
this  centre  the  force  is  communicated  to  the  yolk-bag*  The  disc  enlaraes,  still  keep* 
ing  its  circular  form,  and  marked  by  concentric  circles  more  or  less  per^ct.  The  disc 
ia  produced  by  the  conversion  of  the  yolk  into  cells,  which  adhere  as  a  thin  circular 
layer.  The  circular /orni  of  this  disc  and  the  general  concentric  arrangement  of  the 
cells,  were  considered  to  indicate  that  the  lines  of  vital  force  which  arranged  and  pre* 
served  that  form  were  circular.  The  next  step  is  the  conversion  of  a  portion  of  these 
celk  which  form  the  disc  into  blood  and  blood-vessels.  The  trunks  pass  in  the  direc- 
tion of  radii  of  the  original  disc  and  central  germ.  The  nuiin  trunks  unite  at  the 
central  heart,  which  is  at  first  only  a  bent  portion  of  the  common  trunk.  The  cimil- 
laiiea  inosculate  at  the  circumference;  thus  the  vessels  form  a  complete  circle*  This 
circular  arrangement  of  the  vessels  as  radii  indicates  a  second  circular  force  at  riffht 
angles  to  the  plane  of  the  former  one.  The  vessels  are  formed  thus.  Those  caUed 
by  Harvey  "  vasa  lutea"  are  coarse,  and  the  ttages  in  their  formation  are  more  easily 
watched*  They  are  formed  in  the  substance  of  the  disc,  and  out  of  the  same  mate^ 
rial, — the  cells  of  the  yolk.  These  cells  continuing  to  accumulate,  some  are  arranged 
•a  cylinders,  then  in  succession  as  half-circles,  circles,  net-work,  and  trtmks  conver- 
ging to  the  central  embryo.  At  this  stage  each  vessel  is  a  coarse  yellowish  cylinder, 
with  a  red  streak  down  its  axis.  Externally  it  is  composed  of  cells  of  various  sizes, 
which  ean  easily  be  brushed  off  from  the  semi-transparent  tube  which  they  cover,  and 
which  is  composed  of  smaller  cells,  and  contains  tne  red  blood  flowing  towards  the 
centre.  The  mference  drawn  was,  that  this  tube,  formed  of  cells  around  the  currenty 
is  the  evidence  of  a  circumferential  force  around  the  current,  arranging  the  cells  as 
a  tube.  It  was  next  shown  that  such  a  direction  and  relation  of  the  vital  force  in 
arranging  the  disc  and  its  vesaels  were  in  accordance  with  the  direction  and  relation  of 
the  electro-magnetic  force.  The  law  of  this  double  force,  which  bears  on  the  present 
inquiry,  is,  that  in  order  to  act  both  currents  must  circulate,  that  is,  each  must  return 
into  itself.  That  the  galvanic  force  must  circulate,  is  evident  from  the  construction 
of  a  galvanic  cell.  The  magnetic  force  accompanying  the  galvanic  obeys  the  same 
law.  It  also  circulates,  but  in  a  ^lane  at  right  angles  to  the  galvanic.  Dr.  Wollaston 
called  it,  in  consequence  of  its  circulation,  vertigmous  magnetism.  These  two  cur* 
tents  are  inseparable.  They  are  directive  forces,  or  carrying^  according  to  the  ren- 
dition of  matter  on  which  they  act  What  is  true  of  the  magnetic  current  circ  ' 
vomid  a  mgW  wiia  conveying  the  galvanic  cuneat,  applies  to  two  or  mors 
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put  together  as  a  ribbon,  or  to  a  slip  of  metal,  the  only  difference  being  the  increase 
of  force  in  the  latter  instances.  If  the  galvanic  wire  be  bent  in  a  circle,  or  if  seyeral 
wires  are  arranged  so  as  to  form  a  series  of  concentric  rings,  or  if,  which  is  the  same 
thing,  a  spiral  coil  of  wire  be  made,  the  magnetic  force  still  retains  the  same  direc* 
tion  as  in  the  straight  wire;  but  as  the  whole  of  the  wire  acts  upon  the  circle  of  mag- 
netic force,  its  direction  is  through  the  centre  of  the  ring  or  coil.  If  such  a  spiral 
coil  be  placed  on  iron  filings,  they  arrange  themselves  in  lines,  passing  through  the 
centre  parallel  to  its  axis,  and  then  folding  up  on  either  side  as  radii  round  the  edge, 
where  they  meet.  These  experiments  were  quoted  from  Dr.  Faraday.  Such  a  spiral 
coil,  through  which  galvanic  force  circulates,  was  considered  to  represent  the  disc 
around  the  embryo ;  and  the  iron  filings  to  represent  the  direction  of  the  capillary 
vessels,  arranged  circularly  in  a  plane,  at  right  angles  to  the  disc,  by  the  magnetic 
force  accompanying  the  gdvanic.  From  comparing  the  two,  the  conclusion  was  drawn, 
that  in  both  cases  the  force  at  work  obeys  the  same  laws ;  that  the  formation  of  a 
circular  living  disc,  by  a  central  force  constantly  acting,  proves  the  existence  of  a 
circular  force  around  that  centre,  and  is  analogous  to  a  flat  spiral  or  disc,  through 
which  the  galvanic  force  is  circulating ;  and  that  this  vital  force  in  the  disc  is  necee- 
sarily  attended  by  a  second  circulating  force  in  the  direction  of  radii  to  it,  such  as  is 
indicated  by  the  vessels.  The  actual  movements  of  the  cells  in  this  living  process 
are  invisible,  as  it  is  one  of  growth ;  but  the  formt  produced  are  explicable  on  the 
hypothesis  that  the  living  force  acts  in  accordance  with  the  laws  of  a  force  the  direc- 
tion and  relation  of  which  have  been  ascertained.  This  analogy  is  rendered  still  more 
probable  by  the  connexion  between  heat  and  galvanism  discovered  by  Seebeck.  If 
a  current  of  heat  instead  of  a  current  of  ealvanism  be  made  to  circulate  through  the 
spiral  coil  of  wire,  it  will,  like  galvanism,  develope  magnetic  currents  in  die  direction 
-  of  radii  to  the  centre.  Now  as  the  modier's  heat  is  the  source  which  supplies  forbe 
to  the  embryo,  in  both  instances,  in  the  metal  coil  of  wire  and  in  the  disc  the  force  is 
in  the  form  of  heat  In  both  there  is  a  primary  concentric  arrangement  of  matter 
for  the  transmission  of  this  force ;  and  in  both  there  is  the  evidence  of  a  second  dr^ 
cular  force  in  a  plane  at  right  angles  to  the  first. 

If,  instead  of  the  arrangement  of  the  galvanic  wire  as  a  flat  spiral  coil,  the  rings  are 
arranged  side  by  side,  as  a  spiral  tube  or  Ae/ur,  then  the  second  or  magnetic  force 
would  be  through  its  axis.  It  would  be  a  tube,  which,  if  placed  in  water,  would  cany 
one  pole  of  a  magnetic  needle,  floated  on  cork,  through  it ;  and  iron  filings  would 
arrange  themselves  in  a  circular  line,  going  through  the  helix,  round  on  the  outside, 
retuminff  into  itself  (Faraday).  The  spiral  galvanic  force  here  is  attended  by  the 
current  through  the  tube.  The  converse  would  be  the  case.  The  steps  in  the  forma- 
tion of  vessels  are,  that  blood  is  first  formed,  and  when  it  circulates  a  tube  is  formed 
around  it  The  current  of  blood  indicates  a  force  through  the  axis  of  the  tube ;  the 
tube  itself  indicates  a  circumferential  force  around  the  current  to  arrange  its  materials 
as  a  tube.  The  tubes  are  arranged  circularly,  meeting  at  the  heart  in  the  centre,  and 
at  the  capillaries  in  the  circumference.  The  living  tube,  if  it  followed  electro-mag- 
netic laws,  would  have  (like  the  helix  of  wire  through  which  the  galvanic  force  was 
circulating)  a  circular  force  through  its  axis ;  and  conversely,  this  current  would  tend 
to  form  a  tube  around  itself — supposing  always  appropriate  materials.  The  vital 
force  has  evidently  appropriate  materials  in  the  form  of  cells.  Those  cells,  which 
exposed  to  oxygen  become  converted  into  red  globules,  are  moved  in  a  current ;  thus 
showing  that  they  are  fit  matter  for  the  influence  of  vital  force  in  one  direction,  and 
that  such  a  force  is  moving  them ;  whereas  the  smaller  cells  are  arranged  round  the 
current  as  a  tube ;  thus  showing  a  second  force  at  work  around  the  first  There  is  a 
current  in  one  direction,  and  a  tube  around  it ;  neither  tube  nor  current  can  be  ex- 
plained without  the  assumption  of  a  moving  power :  both  are  readily  explained  by 
two  circular  forces  having  the  same  relation  to  each  other  as  the  electro-magnetic 

The  cells  out  of  which  the  disc  and  vessels  are  built  have  been  regarded  so  far  as 
under  the  influence  of  a  force  external  to  them.  But  each  cell  has  a  vital  force  of  its 
own,  similar  in  kind  to  the  central  force,  but  less  in  degree.  The  central  force  sub- 
ordinates all  lesser  forces  and  makes  the  disc  one.  Embryologists  have  shown  that 
the  earliest  appearance  of  organization  in  the  ovules  of  plants  and  ova  of  animals  is  a 
cell,  and  that  such  cell  has  a  nucleus,  and  each  nucleus  a  nucleolus,  or  central  spot, 
which  is  the  essential  part  of  each  cell,  and  which  has  the  power  of  forming  cells  and 
of  arranging  them  round  it    Dr.  Bany  has  shown  that  each  secondary  cell  becomes 
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In  its  turn  the  centre  of  a  similar  action,  smaller  ones  being  generated  and  arranged 
round  the  larger  ones.  Prof.  Goodsir  finds  that  the  inner  membrane  of  the  tubes  of 
glands  is  formed  of  cells,  and  that  nucleated  cells  are  found  amone  them,  which  he 
calls  centres  of  nutrition,  as  if  these  nucleated  cells  were  the  parents  of  successive  broods 
of  young  cells  passing  off  from  them,  and  arranged  round  them  as  centres.  These 
centres  of  nutrition  are  here  called  centres  of  force ;  and  according  to  the  law  of  this 
force,  there  would  be  a  common  centre,  bringing  all  these  isolated  and  secondaiy 
centres  into  one  comprehensive  whole.  The  blood  corpuscles  arc  also  nucleated 
cells,  each  having  its  own  central  living  force,  and  thus  their  relation  to  the  vital  force 
whilst  circulating  is  analogous  to  that  which  a  magnet  holds  to  the  electro-magnetic 
force  moving  it.    Both  are  bodies  containing  within  themselves  these  forces. 

The  vascular  disc  of  the  yolk-bag  had  been  taken  as  a  central  fact,  the  right  com- 

frehension  of  which  would  explain  other  facts  of  the  same  kind,  but  more  complex, 
ts  application  to  some  few  facts  in  physiology  was  then  shown, — such  as  the  formation 
of  new  blood-vessels ;  the  tubular  form  of  vessels  and  ducts  among  cells ;  the  circu- 
lation through  capillaries  independently,  of  the  contraction  of  their  coats,  or  of  the 
propulsive  power  of  the  heart ;  and  of  that  universal  fact,  that  wherever  there  is  a 
central  heart,  there  are  powers  at  work  which  neither  its  propulsive  power  nor  capil- 
lary action  can  explain, — of  forming^  new  vessels  in  connexion  with  the  old  ones.  Such 
a  universal  fact  becomes  a  law,  when  the  cause  is  shown.  This  cause  or  law,  now 
proposed  as  the  solution  of  these  living  processes,  is,  that  the  vital  force  circulating 
in  two  directions,  one  circle  beins  in  a  plane  at  right  angles  to  the  other, — thus  iden- 
tical in  direction  and  relation  with  the  electro- magnetic  force,— will  explain  the  phse- 
nomena ;  or,  in  other  words,  that  wherever  there  is  a  central  moving  force  there  is 
a  power  at  work  around,  and  to  and  from  that  centre,  capable  of  arranging  fit  matter 
as  tubes,  and  of  circulating  fluid  to  a  certain  extent  through  them,  and  that  the  tubu- 
lar formation  is  owing  to  a  vital  power  identical  in  its  direction  with  the  galvanic ; 
and  the  radiated  arrangement  of  these  vessels,  and  the  circulation  (to  a  certain  ex- 
tent) of  fluid  through  them,  are  dependent  on  a  power  accompanying  the  former,  and 
identical  in  its  direction  with  the  magnetic  force.  The  conclusion  was  not  drawn  that 
the  vital  and  electro-magnetic  forces  were  the  same,  but  that  the  direction  and  rela- 
tion of  both  forces  were  identical.      ^_^_^__ 

On  a  new  Mtdt^lying  Condenser,    By  Prof.  A.  F.  Svanberg. 

The  author  was  led  by  the  process  used  by  M.  Pfaff  of  Kiel,  in  his  researches  on  the 
electricity  of  contact  between  metals  and  fluids,  to  construct  a  new  instrument,  which, 
by  a  single  contact  of  zinc  and  copper,  can  be  charged  by  manipulation,  requiring  only 
a  minute  of  time,  to  an  intensity  sufficient  to  give  a  brilliant  spark  and  strong  shock. 
It  consists  of  two  ordinary  condensers,  whose  plates  are  of  copper,  the  two  lower  con- 
nected by  a  copper  wire.  They  are  pre- 
vented from  touching  by  plates  of  glass 
cemented  to  them,  and  a  little  larger  for 
the  sake  of  insulation.  The  lower  plates 
are  supported  by  insulating  stems,  and 
the  upper  have  insulating  handles.  For 
an  instance  of  its  use,  suppose  the  first 
condenser  has  received  a  small  positive 
charge  a.  Raising  A  and  touching  C 
with  the  finger,  D  will  become  negative  Vm 
and  C  positive  by  induction.  Remove  ^ 
the  finger  from  C  to  D,  the  electricity  of  this  last  is  retained  by  that  of  C ;  and  at  the 
same  time  replacing  A,  which  had  not  lost  its  electricity  during  the  preceding  opera- 
tions, that  of  B  can  be  transported  to  D  by  a  repetition  of  the  process.  By  three  such 
operations  the  tension  of  D's  electricity  is  tripled,  and  this  can  be  transferred  to  B  by 
raising  C  and  touching  A.  In  this  way  it  is  obvious  that  by  3ii  manipulations  the 
final  electricity=3».a ;  it  is  easily  seen  that  there  is  a  certain  number  of  transfers 
before  changing,  which  gives  the  greatest  result,  llius  with  two  transfers  and  three 
changes  2^.  0=4096  a,  while  3  (which  is  the  best  number  of  transfers)  give  with  the 
amount  of  manipulation  3'.a=656l  a;  4  transfers  give  4^ar=4096a.  Such  an  in- 
strument made  for  the  Cabinet  de  Physique  at  the  University  of  Upaal,  of  six  inchpn 
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diameter,  giyes  by  twenty-four  manipuUtions  a  strong  apark  and  ihook  fok  in  the 
elbows.  _»«-__ 

On  iome  RutdU  <^  the  Magnetic  ObeervaHons  nutde  ai  Genend  Sir  T.  M. 
Brisbane's  Observatory j  Makeretoun,    By  J.  A.  Brouv. 

1st.  Magnetic  Declination.-^The  annual  diminution  of  westerly  declination  at 
Makerstoun  is  5'*8.  When  proportional  parts  of  this  have  been  added  to  tbe  monthly 
means,  from  January  1844  till  August  1846,  their  whole  range  is  only  2'*!  ;  that  is 
to  say,  the  mean  position  of  the  magnetic  needle  for  any  month,  freed  from  secnlar 
chanee,  has  not  been  above  2'' I  further  west  than  the  mean  position  for  any  other 
month.  Mr.  Broun  conceives  that  he  has  found  the  annual  period  of  westerly  decli- 
nation to  consist  of  a  minimum  at  the  vernal,  and  of  a  maximum  at  the  autumnal 
equinox ;  the  mean  range  being  under  l'*2.  From  the  observations  for  1 843,  Mr. 
Broun  has  concluded  that  there  is  a  maximum  of  westerly  declination  when  the  sun 
and  moon  are  in  opposition,  and  a  minimum  when  they  are  in  conjunction ;  that  there 
is  a  maximum  of  westerly  declination  when  the  moon  has  its  greatest  north,  and  also 
when  it  has  its  greatest  south  declination,  minima  occurring  when  it  crosses  the 
equator.  In  the  diurnal  period,  the  double  maximum  and  minimum  have  been  found 
to  exist  in  each  fmonth  of  the  year.  In  the  Transactions  of  the  Royal  Society  of 
Edinburgh,  Mr.  Broun  has  given  certain  results  relating  to  the  horizontal  and  vertical 
components  of  the  earth's  magnetic  force ;  but  these  results  were  obtained  in  scale 
divisions  corrected  for  temperature  by  his  method.  In  order  to  deduce  the  variations 
of  magnetic  dip  and  of  the  total  magnetic  force  from  the  variations  of  these  compo- 
nents,  it  was  necessary  to  determine  the  values  of  the  scale  divisions  in  known  units. 
Mr.  Broun  had  previously  shown*  the  inapplicability  of  the  method  given  by  the 
Committee  of  Physics  of  the  Royal  Society  of  London  for  the  balance  magnetometer. 
He  now  described  a  method  by  which  the  value  of  the  micrometer  divisions  may  be 
satisfactorily  determined.  This  method  will  be  found  in  the  Introduction  to  the 
Makerstoun  Observations  for  1843.  He  has  applied  the  same  method  to  the  bi^ar 
magnetometer,  and  has  found  that  die  value  of  ttie  scale  divisions,  obtained  in  the  way 
recommended  by  the  Committee  of  Physics,  is  also  inaccurate  for  this  instrument* 
With  the  aid  of  the  values  obtained  by  the  new  method,  the  following  results  have 
been  deduced. 

2nd.  Magnetic  Dip, — ^The  dip  is  a  minimum  when  the  sun  and  moon  are  in  con- 
junction, and  a  maaumum  when  they  are  in  opposition*  In  the  mean  diurnal  period 
for  the  year, 

The  principal  maximum  occurs  at  10*  10"*  a.ii. 

„        minimum       „  6    40     p.m. 

A  secondary  maximum      „  2      0     a.m. 

„        minimum       „  5    40     A.if. 

Makerstoun  mean  time  being  always  used.  These  periods  vary  to  some  extent 
throughout  the  year,  the  principal  minimum  occurring  at  6  a.m.  in  winter ;  the  two 
minima  being  nearly  equal  at  the  equinoxes,  and  the  diurnal  curve  being  single  in 
summer.  Mr.  Broun  has  found  that  there  is  a  maximum  of  dip  about  four  hours  and 
a  half  before  the  moon's  passage  of  the  superior  meridian ;  a  minimum  about  half  an 
hour  after  that  passage ;  a  secondary  minimum  about  three  hours  after  it ;  and  a  se- 
condary maximum  about  eight  hours  after  it. 

3rd.  Total  force  of  the  Earth' e  Magnetiem, — A  minimum  occurs  when  the  sun  and 
moon  are  in  opposition,  equal  maxima  near  the  quadratures,  and  a  secondary  mini- 
mum at  the  time  of  conjunction.     In  the  mean  diurnal  period  for  the  year. 

The  principal  maximum  occurs  tX  ^^  40"*  p.m. 

„        minimum      „  2     10    a.m« 

A  secondary  maximum     „  7     10    a.m. 

,4        minimum      „        10     10    a.m. 

The  periods  of  maxima  and  minima  shift  about  two  hours  in  the  course  of  tbe  year, 
and  in  summer  the  principal  minimum  occurs  at  \0^  30"*  a.m.  The  variations  of 
force  with  reference  to  the  moon's  hour  angle  were  found  by  Mr.  Broun  as  follows  :— 

*  Tzaosactkms  of  the  Aoysl  Society  of  Edinburgh,  veU  xvL 
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The  principal  maximum  oocara  about  two  hours  after  the  moon*8  passage  of  the  infe- 
rior meridian ;  a  secondary  minimum  about  four  hours  before  the  passage  of  the  su- 
perior meridian ;  a  secondary  maximum  about  one  hour  after  the  superior  passage ; 
and  the  principal  minimum  about  six  hours  and  a  half  after  that  nassage. 

Curves  were  exhibited  illustrating  these  results,  and  also  the  diurnal  motion  of  a 
magnetic  needle  freely  suspended  in  the  direction  of  the  magnetic  force.  From  the 
latter  some  curious  results  nave  been  deduced,  which  will  be  found  elsewhere.  It  will 
be  enough  to  mention,  at  present,  that  in  the  mean  for  the  year,  the  motion  from  6  p.m. 
till  6  A.M.  is  very  trifling ;  between  midnight  and  6  a.m.  the  needle  is  almost  stationary, 
nearly  the  whole  motion  occurring  between  6  a.m.,  Noon,  and  6  p.m.  The  end  of  the 
needle  describes  an  ellipse  whose  major  axis  is  at  right  angles  to  the  magnetic  meridian ; 
but  the  direction  of  this  axis  varies  throughout  the  year. 


Magnetic  Causation.    By  6.  Towler. 

Magnetic  phaenomena  are  due  to  two  distinct  classes  of  forces,  which,  in  the  absence 
of  more  appropriate  terms,  may  be  called  the  "  intrinsic"  and  "  contingent"  It  is  to 
the  consideration  of  the  intrinsic  forces  that  this  paper  is  directed.  Tne  "  intrinsic  " 
forces  of  the  magnet  are  due,  first,  to  the  mechanical  structure  of  the  bodies  in  which 
magoeticai  phenomena  are  displayed,  the  capacity  of  the  interstices  of  which  bears  a 
given  ratio  to  the  dimensions  of  the  particle  of  fluid  constituting  atmospheric  air,  by 
and  through  which  such  interstices  become  highly  sensitive  conductors  of  atmospheric 
air ;  and,  secondly,  to  the  fluxion  through  and  circulation  round  a  magnetic  bar  of  the 
particles  of  atmospheric  media. 

The  following  are  among  the  propositions  which  the  author  regards  as  established : — 

Each  extremity  of  a  magnet  perpetually  exercises  the  same  power  over  the  other 
that  each  does  over  indifferent  masses  of  iron ;  in  other  words,  one-half  of  a  magnet 
is  constantly  magnetizing  the  other. 

The  "  intrinsic "  attribute,  or  tine  qua  non  of  a  magnet,  is  the  extreme  sensibility 
of  the  fluid  particles  in  its  interstices  to  motion,  from  minute  forces,  arising  from  the 
mechanical  conformation  of  magnetical  substances ;  and  the  extremities,  or  opposite 
forces  of  the  body,  being  within  that  distance  of  each  other,  whereby  the  forces  gene- 
rated by  such  action  are  sufficient  to  reproduce  it. 


On  the  ResuUs  of  an  extensive  Series  rf  Magnetic  Investigations,  including 
most  of  the  knoum  varieties  of  Sted.    By  W.  Petrie. 

On  ike  Process  cf  Manufacture  to  produce  permanent  Magnets  having  the  greatest 
fixity  and  capacity  conjointly  secured. — 1st.  The  original  iron — should  be  the  purest 
soft  iron  charcoal  made  (not  coke) ;  the  Swedish  from  the  Dannemora  mine  is  oetter 
than  any  other.  2nd.  Converted — with  pure  charcoal;  it  should  be  carbonized 
lighthff  the  process  to  be  stopped  when  the  bars,  of  the  usual  size,  are  scarcely  steel 
through,  yet  so  that  it  will  harden  with  certainty  without  an  undue  heat.  3rd.  Sorted 
-—with  attention  to  homogeneous  conversion,  ficc,  according  to  the  ordinary  rules. 
4th.  Melted — the  pot  kept  covered,  and  not  longer  than  necessary  in  fusion.  5th. 
Cast — into  a  large  ingot,  so  as  to  allow  of  its  being  well  rolled  out  singly,  before  it 
becomes  reduced  to  the  requisite  thinness.  6th.  Rolled — while  hot  from  casting,  to 
save  a  second  heating.  It  should  not  be  doubled  over  nor  sheared  and  faggoted. 
The  rolling  should  be  conducted  at  as  low  a  temperature  as  convenient,  as  it  thereby 
acquires  a  harder  and  closer  texture  and  finer  erain.  7th.  In  cutting — into  shape, 
the  substance  (if  large  or  of  varied  form)  should  not  be  strained,  as  by  boring  with 
rimers,  or  straightening  (oftener  than  is  unavoidable)  with  the  hammer,  as  it  is 
then  apt  to  warp  and  to  have  unseen  commencements  of  cracks  on  becoming  subse- 
quently hardened. 

More  carbonization  than  that  previously  described  as  best  is  of  little  injury  to  the 
magnetic  goodness  of  the  steel,  provided  it  be  so  prepared  as  to  preser%'e  a  homo- 
geneous and  white  appearance  of  fracture  when  hardened,  which  is  not  so  easily  ma- 
naged as  with  that  of  lower  carbonization ;  but  if  it  be  again  carbonized  more  than 
usual  (as  razor  steel,  or  above  that)  it  rather  improves ;  and  again,  an  increase  dete- 
riorates it  as  in  cast  iron,  and  a  further  increase  again  improves  it.    In  short,  in  the 
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teale  of  carbonization  there  it  a  succesnon  ef  eontinuaUy  decreawn^  nuuama  iff 
advantage. 

On  the  Physieal  Properties  which  the  Steel  should posseee.'^The  fineness  of  grain  is 
affected  by  many  adventitious  circumstances,  which  must  be  considered  and  allowed 
for  in  judging  of  it ;  and  the  most  important  fact  is  the  difference  between  the  appear^ 
ance  in  the  hard  and  soft  states ;  for  in  the  general  properties,  both  optical,  mechanical 
and  maffnetical,  their  order,  in  an^  set  of  samples,  is  reversed  in  the  hard  state,  inde- 
pendendy  of  the  absolute  change  in  each  property. 

The  steels  should  be  examined  by  breaking  with  a  single  bend  at  a  file  notch 
(notching  with  a  chisel,  bending  back,  &c.  changes  the  appearance).  A  microioope 
of  six  or  ten  lineal  power  is  better  than  any  other  power  ror  examining  it. 

The  general  properties,  without  going  into  detailed  description,  should  be  as  foUowi, 
the  terms  being  comparative  with  other  samples  of  less  value,  and  not  at  all  with  the 
hard  or  soft  states  of  the  same  steel. 

IN  A  SOFT  STATE.  IN  A  HARD  STATE. 

General  appearance,  uniform  darkish  gray ...  Uniform  white. 


Rather  irregular  in  size  and  shape  of  grain, 
unless  fine 

Rounded  crystallisation 


Rather  more  regular  than  before; 
rounded  crvstaBization  disappears. 
Grains  individually  distinct  with  good 
metallic  lustre. 

Close  texture  without  cavities Not  particularly  close. 

Rather  tough  for  steel  Brittle  and  very  hard. 

Attracted  considerably  before  magnetizing  •••  Ditto. 

Loses   induced  magnetism    more    freely  1    Retains  magnetism  well  and  abun- 
than  other  steels   /       dantly. 

Care  must  be  taken  to  discriminate  between  real  cavities  and  indentations  arising 
from  the  crystals  being  torn  up  by  the  breaking;  pure  iron  often  appears  poroiu 
from  this  cause. 

The  author  added  some  peculiar  considerations  on  the  chemical  constitution  and 
molecular  arrangement  of  certain  sorts  of  steel ;  and  on  the  molecular  peculiarities 
of  iron  and  other  metals,  in  connexion  with  their  magnetic  capacity,  illustrated  by  a 
tabular  arrangement. 

On  Hardening,  ^c.-— In  the  ordinary  process  there  is  much  risk  and  difficultr  for 
large  work,  owing  to  unequal  heat,  unnecessary  time  and  heat  implied,  espedaUy  to 
fine  edges,  decarbonization,  scaling,  &c. 

These  are  obviated  by  a  process,  which  is  new  as  applied  on  a  large  scale,  namely, 
heating  in  melted  lead.  It  will  be  observed  that  the  precise  heat  is  imparted  quU^ 
uniformly  in  half  a  minute  or  so,  and  the  finest  edge  is  neated  momentarily  no  bifher 
than  the  thickest  part  (rendering  this  process  incomparable  for  all  instruments  wner« 
it  is  the  edge  or  smaller  parts  that  are  of  importance).  No  scale  is  formed,  the  finest 
polish  or  sharpest  edee  being  preserved  through  the  hardening ;  the  previous  prepa- 
ration of  the  steel  and  some  other  points  are  described  ;  and  particularly  the  manner 
of  refrigeration  in  water  (salt),  and  for  securing  hardness  and  great  evenness,  are 
also  detailed. 

The  process  has  been  applied  to  steel  sheets  of  10  inches  by  20,  obtained  qnite  flat, 
and  as  nard  as  a  file  throughout,  even  at  the  middle  parts,  which  has  hitherto  been 
found  very  difficult,  we  may  say  impossible.  Magnets  prepared  bv  these  means  only 
differ  generally  in  magnetic  power  by  ^th  part,  many  bein?  absolutely  equal. 

Particulars  are  then  given  of  the  advantage  of  certain  high  powers  formagnetizingr 
bars,  and  of  an  apparatus  constructed  weighing  2  cwt.  and  possessing  nearly  as  great 
aggregate  power  as  the  colossal  magnet  in  possession  of  the  Royal  Society  (weighing 
we  believe  2  tons). 

A  method  is  suggested  for  verifying  the  constancy  of  magneto-meteorologic  instru- 
ments, by  means  of  the  terrestrial  magnetism  itself;  independently  of  its  own 
tions,  or  of  the  comparison  of  the  mutual  action  of  three  or  more  bars. 
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On  the  Mode  of  Developing  the  Mapnetie  Condition, 
By  the  Rev.  W.  Scoresbt,  DJ),,  F.R.S. 

Dr.  Scoresby  stated  that  he  had,  at  York,  shown  a  new  and  superior  mode  of  deve- 
loping the  magnetic  condition  in  properly  prepared  and  hardened  steel  bars*  by  inter- 
posing a  thin  plate  of  soft  iron  between  the  operating  magnet  and  the  bar  of  steel  to 
be  magnetized.  He  had,  at  that  time,  supposed  it  to  be  necessary  to  extend  the  thin 
plate  of  soft  iron  the  entire  length  of  Uie  bars  of  steel  to  be  magnetized.  But  he  bad 
since  found  this  to  be  by  no  means  the  case ;  since  by  laying  any  number  of  un mag- 
netized bars  of  steel  in  a  long  line,  and  passing  along  them  a  horse-shoe  magnet  wiu 
its  poles  connected  with  a  thin  polished  plate  of  soft  iron  (he  used  common  hoop  iron)» 
the  ends  being  slightly  bent  upwards  to  cause  it  to  pass  more  freely  over  the  steel 
ban,  and  then  turning  them  over  and  renewing  the  process  on  the  other  face,  he  found 
he  could  communicate  to  the  bars  the  full  charge  which  they  were  competent  to  re- 
ceive. The  author  exhibited  this  experiment :  and  by  simply  passing  a  horse-ihoe 
magnet  thus  armed  with  an  interposed  piece  of  sheet  iron,  once  over  each  face  of 
twelve  previously  unmagnetized  bars  of  steel,  he  communicated  to  them  so  much 
power  as  that  they  sustained  their  own  weight,  when  held  up  as  a  chain. 


On  the  ConstUuHon  <ind  Forces  of  the  Molecules  of  Matter*  By  Dr.  Laming. 

In  this  paper  the  author  applied  a  theory  of  the  molecular  constitution  of  matter  in 
forty-two  distinct  propositions  to  the  explanation  of  gravitation,  temperature  and  spe- 
cific heats  of  gases,  cohesion,  affinities,  latent  heat,  volume,  disturbances  of  electrical 
equilibrium,  and  other  electrical  pheenomena,  with  electro-motion  and  electro-chemical 
decomposition.  In  this  theory,  matter  is  regarded  as  constituted  of  atoms ;  each  of 
which  consists  of  three  sorts  of  spherical  atoms,  distinguished  as  hoiic,  cahrifie,  and 
electrieal.  The  only  force  it  recognizes  is  attraction.  The  basic  atoms  do  not  attract 
one  another,  neither  do  the  calorific ;  but  the  electrical  attract  each  other  with  a  force 
reciprocally  as  the  square  of  their  distances.  Each  electrical  atom  attracts  calorific 
atoms  around  it,  and  each  basic  atom  attracts  calorific  in  unlimited  numbers ;  whilst 
it  also  attracts  around  it  electrical  atoms,  in  some  large  but  definite  number.  This 
number  is  in  each  case  unchangeable,  but  the  basic  atoms  difier  one  from  another  in 
attracting  around  them  a  greater  or  less  number  of  electrical  atoms.  The  force  be- 
tween basic  and  electrical  atoms  is  much  greater  than  that  between  the  electrical 
atoms  mutually ;  hence  one  of  these  is  termed  the  major,  the  other  the  minor 
electrical  force.  The  attraction  of  the  basic  for  the  calorific  atoms  is  intermediate 
between  these.  The  attraction  of  the  electrical  for  the  calorific  atoms  is  the  greatest 
of  all  the  mutual  forces.  The  immediate  consequence  of  these  forces  is  to  cause 
each  electrical  atom  to  be  surrounded  by  calorific  atoms,  and  each  basic  atom  to  be 
then  enveloped  with  these  electrical  atoms,  in  greater  or  less  number  according  to 
its  chemical  nature,  but  in  each  case  definite.  One  of  these  basic  atoms  so  sur- 
rounded is  the  elementary  molecule  of  matter,  or  the  simple  atom  of  the  chemist 
£ach  basic  atom  thus  surrounded  by  its  sphere  of  electrical  atoms  constitutes  an  elec^ 
tro9phere ;  but  a  change  of  the  calorific  atomospheres  of  the  electrical  atoms  of  this, 
may  cause  a  change  of  their  arrangements  about  the  central  basic  atoms,  so  that  some 
of  the  electrical  atoms  may  be  thrown  out  on  the  surface  of  the  electrosphere  and 
ihus  become  complementary ;  and  it  is  upon  the  mutual  actions  and  relations  of  these 
complementary  atoms  that  all  electrical  and  other  phenomena  involving  change  are 
supposed  to  depend.  One  remarkable  consequence  of  this  theory  is,  that  gravitation 
depends  on  the  electrical  atoms  alone ;  and  that  hence  a  positively  electrified  body  must 
be  heavier,  and  a  negatively  electrified  body  lighter,  than  the  same  body  with  its  elec- 
tricity in  the  ordinarv  undisturbed  state.  This  the  author  proposed  to  prove  experi- 
mentally to  the  Section.  -—_-__. 

On  Atmospheric  Waves,    By  W.  R.  Birt. 

In  introducing  his  report^  the  author  noticed  the  steps  he  had  taken  during  the  last 
autumn  for  observing  tne  great  symmetrical  wave  or  November.  Instructions  de- 
tailing the  instruments  to  be  observed,  times  of  observation,  &c.,  were  drawn  up  and 
forwarded  by  him  to  gentlemen  interested  in  meteorological  research,  and  alio  other- 
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wise  circulated*.  In  accordance  with  these  instruetionB,  about  thirty  lets  of  inter- 
esting and  valuable  observations  had  been  made;  the  stations  eztendine  in  one 
direction  from  the  west  of  Ireland  to  Heligoland,  and  in  the  other  from  the  Scilly 
Isles  to  the  Orkneys.  These  observations  Mr.  fiirt  had  subjected  to  a  very  careful 
comparison,  especially  those  made  at  his  own  residence  near  London,  with  those 
which  he  made  in  the  autumn  of  1842  at  Leicester  Square.  The  result  of  this  com- 
parison was  such  as  clearly  to  show  that  there  was  a  most  striking  coincidence  between 
the  barometric  movements  of  October  and  November  1845,  and  those  of  a  portion  of 
September,  October  and  November  1842.  So  close  did  this  coincidence  appear  to 
the  author,  that  during  the  period  from  October  1  to  November  21  in  1845,  the  baro- 
metric movements  of  October  23  to  26  were  the  only  oscillations  that  appeared  to 
have  no  corresponding  movements  in  1842.  It  appeared  that  the  gi^t  wave  com* 
menced  in  1845,  near  midnight,  between  the  6th  and  7th,  that  it  culminated  on  the 
14th,  and  terminated  on  the  2lBt ;  during  the  10^  days  previous  to  the  setting  in  of 
the  wave,  the  movements  in  1842  and  1845  were  almost  identical.  Mr.  Birtobeerved 
that  in  1845  the  ereat  wave,  in  all  its  essential  features,  was  very  distinctly  marked; 
that  it  was  completely  separated  from  all  the  preceding  barometric  movements,  and 
that  the  individualitff  that  was  thus  given  to  it,  induced  the  strong  belief  that  we  have 
obtained  the  /ype  of  the  barometric  oscillations  during  the  middle  portion  of  No- 
vember.    This  type  he  proposed  to  express  in  the  following  language : — 

"  That  during  fourteen  days  in  November,  more  or  less  equally  disposed  about  the 
middle  of  the  month,  the  oscillations  of  the  barometer  exhibit  a  remarkably  symme- 
trical character,  that  is  to  say,  the  fall  succeeding  the  transit  of  the  maximum  or 
highest  reading,  is  to  a  great  extent  similar  to  the  preceding  rise ;  this  rise  and  fall  is 
not  continuous  or  unbroken ;  in  three  out  of  four  of  the  occasions  on  which  it  has 
been  observed,  it  has  been  found  to  consist  of  Jive  distinct  elevations.    The  complete 
rise  and  fall  has  been  termed  the  great  symmetrical  barometric  wave  of  November, 
and  as  such  has  been  considered  to  res)ilt  from  the  transit  of  a  large  wave,  but  there 
is  great  reason  to  believe  that  while  it  may  be  due  to  the  transit  of  a  normal  wave 
of  about  fourteen  days'  amplitude,  it  also  exhibits  the  transits  of  Jive  secondary  super- 
posed waves.     At  the  setting  in  of  the  great  November  wave  the  barometer  is  gene- 
rally low,  sometimes  below  29  inches.  This  depression  is  succeeded  by  two  well-marked 
undulations,  varying  from  one  to  two  days  in  duration.    The  central  undulation,  which 
also  forms  the  apex  of  the  great  wave,  is  of  larger  extent  and  longer  duration,  occu- 
pying from  three  to  five  days ;  when  this  has  passed,  two  smaller  undulations,  corre- 
sponding to  those  at  the  commencement  of  the  wave,  make  their  appearance,  and  at 
the  close  of  the  last  the  wave  terminates." 

Mr.  Birt  exhibited  curves  of  observations  that  had  been  made  during  November  at 
Dublin,  from  1829  to  1845  inclusive,  which  he  had  received  from  Capt.  Laroom  of 
the  Royal  Engineers.  From  these  curves,  it  appeared  that  the  great  wave  had  been 
observed  at  Dublin  in  twelve  out  of  seventeen  years,  and  that  with  two  exceptions  in 
eleven  years  of  distinct  and  well-marked  transits  of  the  great  wave,  the  epochs  of  the 
maxima  were  confined  to  five  days,  near  the  middU  of  the  month,  namely  from  the 
12th  to  the  1 7th  f. 

The  author  then  proceeded  to  notice  the  comparison  he  had  instituted  between  the 
curves  he  had  obtained  from  various  stations,  and  exhibited  curves  firom  twelve  stations 
in  Ireland,  England  and  Heligoland.  From  a  consideration  of  these  curves  (which 
were  so  arranged  as  to  show  the  departure  from  symmetry  in  certain  directioos),  he 
annied  that  while  the  posterior  slope  of  a  wave  of  considerable  magnitude  was  passing 
off  towards  the  E.N.E.,  the  front  of  another  was  approaching  from  the  N.W.,  and  that 
it  was  the  interference  of  the  two  that  produced  the  symmetrical  arrangement  of  the 
curves.  In  that  portion  of  the  area  covered  by  the  advancing  wave  the  barometer 
rose ;  in  that  covered  by  the  receding  wave  it  fell ;  while  in  that  in  which  the  two 
waves  interfered,  the  atmosphere  as  regarded  these  waves  was  quiescent,  and  the 
smaller  secondary  waves  passed  on  uninfluenced  by  them.     He  also  showed  that 

*  These  instructions,  with  a  short  notice  of  the  wave,  were  published  in  the  Athenaeum 
of  Sept.  6,  1845.  No.  932,  pp.  880,  881. 

f  While  exhibiting  these  curves,  the  author  invited  the  attention  of  the  Section  to  a  very 
remarkable  and  apparentiy  constant  depression  of  the  mercurial  column  which  occurred  about 
the  28th  of  November.  It  had  been  observed  in  fifteen  out  of  the  seventeen  years'  observa*- 
tions,  and  appeared  -d  with  the  great  wave. 
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thete  lines  of  symmetry  or  interference  varied  in  different  years ;  in  the  year  1842  the 
line  of  greatest  symmetry  passed  from  Dublin  through  Brussels  to  Munich;  in  1845 
it  appeared  to  be  confined  to  the  south  of  England. 

Mr.  fiirt  next  proceeded  to  notice  the  arrangements  of  the  aerial  currents  or  winds 
with  regard  to  the  distribution  of  pressure.  He  stated  that  the  obserrations  on  the 
winds  in  November  1842,  clearly  established  Prof.  Dove's  theory  of  parallel  and 
oppositely  directed  currents,  and  he  showed  by  diagrams  that  if  these  currents  are 
shifting  ones,  as  the  Professor  suggests,  as  they  passed  over  any  tract  of  country  in 
a  direction  transverse  to  those  in  which  the  wind  was  blowing  in  each,  all  the  phae- 
nomena  of  an  atmospheric  wave  would  be  produced.  He  remarked  that  if  there  was 
only  one  set  of  these  parallel  currents  passing  over  a  line  of  country,  then  the  exa- 
mination of  the  phaenomena  of  an  atmospheric  wave  would  be  comparatively  easy. 
The  discussion  of  the  observations  had  however  shown  that  there  were  two  sets  of 
parallel  and  oppositely  directed  currents  at  right  angles  to  each  other,  one  set  from 
the  N.E.  and  S.W.,  with  a  lateral  motion  from  the  N.W.,  and  the  other  from  N.W. 
and  S.E.,  with  a  lateral  motion  from  the  S.W. ;  and  also  that  when  these  currents  are 
referred  to  the  wave,  the  N.E.  and  N.W.  currents,  in  their  respective  systems,  re- 
present anterior  slopes  with  the  direction  of  the  aerial  currents  at  right  angles  to  the 
axis  of  translation  airected  towards  the  left-hand;  and  the  S.W.  and  S.E.  currents 
represent  posterior  slopes,  the  direction  of  the  aerial  currents  still  at  right  angles  to 
the  axis  of  translation,  but  directed  towards  the  right-hand*.  The  author  considered 
that  these  rectangularly  posited  currents  explained  several  phaenomena,  such  as  the 
barometric  wind-rose,  the  revolution  of  the  vane  in  one  uniform  direction,  &c.,  and 
concluded  his  report  with  pointing  out  several  important  desiderata  that  it  was  desi- 
rable should  be  made  the  subjects  of  future  inquiries. 


CHEMISTRY. 


On  the  Changes  which  Mercury  sometimes  suffers  in  Glass  Vessels  hermed* 

ccUly  sealed.    By  Prof.  Oersted. 

It  has  been  frequently  noticed  that  mercury  inclosed  in  glass  tubes,  even  when 
those  tubes  were  hermetically  sealed,  undergoes  a  remarkable  change.  It  first  be- 
comes covered  by  a  thin  film  of  a  yellow  colour,  which  adheres  to  the  glass,  and 
becomes  eventually  nearly  black.  This  has  been  attributed  to  oxidation,  but  the 
oxidation  which  would  arise  from  the  exceedingly  small  quantity  of  atmospheric  air 
-which  could  be  contained  within  the  bulbs  exhibited  by  Professor  Oersted  was  too 
small  to  account  for  the  formation  of  such  a  quantity  of  dark  and  yellow  powder  as 
many  of  them  exhibited.  Professor  Oersted  referred  the  change  on  the  mercury  to 
the  action  of  that  metal  on  the  glass  of  which  the  bulb  was  formed.  It  appears  that 
sulphate  of  soda  is  frequently  employed  in  the  manufacture  of  glass,  and  it  is  thought 
that  a  sulphuret  of  mercury  is  formed  by  the  decomposition  of  the  glass  itself.  This 
is  not  however  satisfactorily  proved,  and  the  subject  has  only  been  brought  forward 
that  attention  might  be  directed  to  a  subject  which  appeared  to  involve  some  remark- 
able conditions.  ____ 

On  a  second  new  Metal,  Pelopium,  contained  in  the  Bavarian  TantaUte. 

By  Prof.  H.  Rose. 

In  a  former  communication  it  had  been  shown  that  the  so-called  tantalic  acid 
^ehich  occurs  in  the  Bodenmais  in  Bavaria,  consisted  of  two  acids,  one  of  which 
<liffered  materially  from  all  known  acids.  To  this  Professor  Rose  gave  the  name  of 
P>ILobium,  regarding  it  as  a  new  metallic  oxide.  After  a  most  elaborate  investigation. 
Professor  Rose  has  found  that  the  other  acid  contains  another  oxide  of  a  meUil  dif- 

*  These  directions  are  in  close  accordance  with  that  of  the  rotation  of  the  air  in  revolving 
storms,  and  appear  strongly  to  support  Sir  John  Herschel's  suggestion,  that  such  storms  may 
be  fT^dwosd  by  the  crossing  of  two  large  atmospheric  waves  moving  in  different  directums. 
See  Sir  John's  Report  on  Meteorological  Reductions,  Report,  1843,  p.  100. 
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fering  from  niobiuni,  and  to  this  metal  he  has  given  the  name  of  Pelophim,  from 
Pelops  the  son  of  Tantalus  and  the  brother  of  Niobe.  The  tantalite  of  Bavaria  is 
therefore  now  shown  to  contain  three  metals — tantalium,  niobium  and  pelopium. 
These  differ  from  each  other  in  specific  gravity,  and  they  exhibit  different  and  pecu- 
liar chemical  properties.  .««-«_. 

On  Cavendish's  Experiment  respecHng  the  production  of  Nitric  AM. 

By  Prof.  Daubeny,  Md)^  F.R.S. 

Dr.  Daubeny  stated  the  result  of  some  experiments  he  had  instituted  with  the 
view  of  ascertaining  whether  the  production  of  nitric  acid  by  electricity,  as  was  first 
effected  by  Cavendish,  really  arose  from  the  direct  union  of  oxygen  with  nitrogen,  or 
was  produced  indirectly  through  the  presence  of  minute  portions  of  ammonia.  For 
this  purpose  he  deprived  the  air,  through  which  the  electrical  sparks  were  to  be 
passed,  of  water,  and  of  any  traces  of  ammonia  that  might  have  been  contained  in  it, 
by  allowing  it  to  stand  in  contact  with  concentrated  sulphuric  acid  for  some  time 
previous  to  the  commencement  of  the  experiment.  Even  in  this  case,  although  the 
air  had  been  in  contact  with  no  liquid  except  the  mercury  over  which  it  was  con- 
fined, the  usual  diminution  of  volume  took  place  after  the  electrical  sparks  had  been 
passed  through  it,  and  solution  of  litmus,  when  introduced  into  the  tube,  became 
sensibly  reddened.  Hence  the  author  infers  that  nitrogen  does  combine  directly 
with  oxygen,  as  it  is  now  known  to  do  with  carbon,  but  he  still  questions  whether 
it  can  do  so  with  gaseous  hydrogen,  since  ammonia  cannot  be  formed,  as  nitric  acid 
is,  by  means  of  electricity ;  and,  as  in  all  the  cases  in  which  ammonia  has  been  pro- 
duced artificially,  one  of  the  elements  appears  to  have  existed  in  what  is  called  a 
nascent  state.  But  if  nitrogen  can  be  made  to  combine  directly  with  oxygen,  how 
comes  it  that  through  the  operation  of  thunder-storms  the  composition  of  the  whole 
atmosphere  has  not  before  this  time  been  changed  by  the  production  in  it  of  con- 
siderable quantities  of  nitric  acid  ?  This  the  author  explains  by  the  small  amount  of 
heat  generated  by  the  union  of  the  two  gases,  owing  to  which  only  those  particles 
combine  which  lie  contiguous  to  the  line  qf  the  electrical  spark ;  whereas  in  other 
cases,  as  in  that  of  the  union  of  oxygen  with  hydrogen,  so  much  heat  is  elicited 
by  the  union  of  those  particles  which  are  affected  by.  the  passage  of  the  electrical 
spark,  that  a  condensation  of  other  portions  of  the  mixture  results,  whence  will  arise 
a  union  of  more  of  the  particles,  and  an  extrication  of  a  larger  amount  of  heat.  In 
this  way  the  explosion  propagates  itself  through  all  parts  of  the  mixture  with  a  ra-- 
pidity  which  causes  it  to  be  considered  by  us  as  instantaneous.  In  all  cases  however 
m  which  gaseous  elements  that  can  remain  together  without  acting  upon  eadi  odier 
are  made  to  unite,  the  modiw  operandi,  whether  it  be  by  electricity,  by  heat,  or  (as  in 
the  case  of  porous  bodies)  by  adhesive  affinity,  appears  to  be  the  same,  that  is,  sudi 
a  condensation  of  the  respective  gases  as  shall  bring  their  particles  within  the  sphere 
of  their  mutual  afiinity.  «^__«_ 

On  the  extent  to  tohieh  Fluoride  of  Cakium  is  soluble  in  Water  at  60°  F. 

By  Oboroe  Wilson,  MJ). 

In  April  of  this  jeBX,  1846,  Dr.  Wilson  read  a  paper  to  the  Royal  Society  of 
Edinburgh  announcing  the  solubility  of  fluoride  of  calcium  in  water,  and  stating 
that  in  consequence  of  observing  this  fact,  he  had  been  led  to  seek  for  that  salt  in 
milk,  in  blood,  and  in  sea-water,  where  it  had  not  been  previously  detected,  but  in 
all  of  which  he  found  it.  He  also  mentioned  that  he  was  able  to  confirm  the  re- 
sults of  previous  observers  as  to  the  presence  of  fluoride  of  calcium  in  natural  waters, 
in  plants  and  in  animal  remains,  as  well  as  in  the  urine  of  man. 

Since  that  paper  was  read.  Dr.  Wilson  ascertained  the  extent  to  which  fluoride  of 
calcium  is  soluble  in  water  at  60^  F. ;  and  as  it  is  a  point  of  some  interest  in  connexion 
with  geological  and  mineralogical,  as  well  as  with  chemical  speculations,  he  brought 
it  before  the  Chemical  Section  of  the  Association.  The  experiments  recorded  below 
were  performed  with  a  solution  of  native  well-crystallized  fluor  spar,  prepared  by 
boiling  distilled  water  upon  the  powdered  fluor,  which  had  been  previously  purified 
by  digestion  with  warm  aqua  regia,  so  as  to  remove  any  trace  of  metallic  oxidea, 
lime-salU  or  the  like,  which  might  be  present.    The  solution  at  212''  F.  waa  filt^ed 
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whilBt  warm,  and  left  at  rest  for  some  days  in  stoppered  bottles  at  a  temperature  of 
about  60^  till  it  deposited  the  excess  of  flaor  soluble  above  that  temperature.  It  was 
then  filtered  a  second  time.  A  certain  volume  of  the  solution  measured  at  6(f  was 
evaporated  to  dryness  on  the  vapour-bath,  in  a  counterpoised  platina  basin,  and  the 
weight  of  the  residue  ascertained. 

Twenty-four  pints  of  the  solution  were  thus  made  use  of.  In  six  experiments, 
one  imperial  pint  of  the  solution  (16  fluid  ounces,  or  7000  grains)  was  taken  at  each 
trial.  In  four  trials  three  pints  were  evaporated  at  each  experiment.  In  one  case 
six  pints  were  employed.    The  following  are  the  results  : — 

Per  pint 
Expt.  I.  evap.  1  pint  of  Bolation.    Residue  0*27  grs. 

**•  **  ft  99         0*28 

ni.  „  „  „         0*28 

IV.  „  „  „         0*24 

'•  >•  »»  §$         0*27 

VI.  „  „  y,        0*25    Average  0*265  per  pint. 

Per  pint. 
Expt.  VII.  evap.  3  pints  of  solution.  Residue  0*79  =  0*263 
VIII.  „  „  „        0*78  =  0*260 

IX.  „  „  „        0*78  =  0-260 

X.  „  „  „        0*77  =  0*257  Average  0*260  per  pint. 

Per  pint. 
Expt.  XI.  evap.  6  pints  of  solution.    Residue  1*62  =  0*27    Average  0*270  per  pint. 

Twenty* four  pints  of  distilled  water  thus  dissolved  6*330  grains  of  fluor  spar ;  so 
that  the  average  amount  dissolved  in  one  pint  will  be  0*2637  grains.  One  grain 
therefore  of  fluor  will  requrie  26*545  grains  of  water  at  60°  F.  to  dissolve  it,  or  water 

at  that  temperature  will  take  up  ^^^^^  of  its  weight  of  the  salt. 

The  solubility  here  indicated  must  be  considered  great  for  a  salt  hitherto  reputed 
quite  insoluble.  It  is  still  more  soluble  in  water  at  a  high  temperature,  as  the  de- 
posit left  by  warm  solutions  on  cooling  shows.  These  facts  will  now  be  connected 
with  the  appearance  of  fluoride  of  calcium  in  plants  and  animals,  as  well  as  in  mineral 
veins  and  elsewhere,  and  may  perhaps  prove  sufllcient  to  explain  these  hitherto  per- 
plexing phaenomena.  __«_«« 

Anafysis  of  the  American  Mineral  Nemaliie,    By  Prof.  ConkelLi  F.ILSJB. 

This  mineral  bears  a  striking  resemblance  to  asbestus,  so  that  by  the  eye  it  can 
hardly  be  distinguished  from  it.  It  was  first  chemically  examined  by  Mr.  Nuttal, 
who  ascertained  that  it  differs  entirely  in  constitution  from  asbestus,  and  concluded 
from  his  experiments  that  it  consists  essentially  of  magnesia  and  water  with  a  little 
oxide  of  iron  and  lime.  It  was  subsequently  examined  by  Dr.  Thomson,  according 
to  whom  it  also  contains  12(  per  cent,  of  silica.  The  constituents  found  by  the 
latter  were — 

Magnesia    51*721 

SiUca  12*568 

Peroxide  of  iron 5*874 

Water 29*666 


99*829 

The  result  which  I  have  obtained  differs  somewhat  from  both  the  preceding. 
According  to  both  the  previous  experimenters,  the  mineral  is  soluble  in  acids  without 
effervescence.  But  I  have  found  that  even  perfectly  fresh  portions  of  the  specimens 
(which  I  have)  of  the  mineral  from  Hoboken  in  America  sensibly  effervesce  when 
dissolved  in  acids,  showing  some  carbonic  acid  to  be  contained  in  it.  I  have  also 
found  only  a  very  minute  quantity  of  silica,  the  mineral  leaving  scarcely  any  residue 
when  dissolved. 

The  amount  of  water  was  determined  by  ascertaining  the  quantity  of  water  col- 
lated by  ignitioa  in  a  tube  of  German  gUsa  twice  bent«  and  contaixung  at  one  end 
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fused  chloride  of  calciam.  The  carbonic  acid  was  estimated  by  the  loss  of  wei|^t  ob 
treating  a  portion  of  the  mineral  with  dilute  acid  in  a  little  bottle  connected  widi  a 
tube  containing  chloride  of  calcium. 

The  solid  constituents  were  determined  by  ordinary  methods.    The  resalt  was,  in 
100  parts, — 

Magnesia 57*86 

Protoxide  of  iron 2*84 

Silica 0'80 

Water   27'96 

Carbonic  acid  10*00 


99*46 

Considering  the  protoxide  of  iron  to  replace  a  little  magnesia,  the  mineral  appears 
to  be  a  combination  of  hydrate  of  magnesia  and  hydrated  carbonate  of  magnesia. 
The  formula  5MgO,  HO  -f  MgO,  CO^,  HO  will  nearly  express  its  constitution*  and 
gives — 

Magnesia 61*67 

Water  27-24 

Carbonic  acid  11*09 


100*00 
The  native  hydrated  carbonate  of  zinc  (zinkbliithe)  is  a  mineral  of  analogous  con- 
stitution. ^_^__ 

Observations  on  the  Nature  ofLampic  Add.    By  Prof.  Connell,  FJR,SJE. 

The  author  had  shown  some  years  since  that  a  large  quantity  of  formic  add  and 
a  little  acetic  acid  exist  in  lampic  acid  as  prepared  in  the  ordinary  way.  Marchand 
and  others,  admitting  the  presence  of  these  acids,  maintain  that  in  addition  it  con- 
tains aldehydic  acid.  It  appears  however  to  Professor  Connell  that  the  mere  reduc- 
tion of  oxide  of  silver  without  effervescence,  the  formation  of  resin  with  alkaline 
solutions,  the  blackening  of  the  lampic  salts  on  evaporation  and  by  the  action  of  sul- 
phuric acid,  are  iosufScient  to  support  this  view ;  and  these  facts  are  all  expkined 
on  the  idea  of  aldehyde  being  associated  with  the  acetic  acid  present  in  the  liquid. 
Further,  the  atomic  weight  of  lampic  acid,  50*35,  is  much  too  high  to  belong  to  an 
add,  containing  aldehydic  acid,  associated  with  much  formic  acid.  But  if  we  sup- 
pose a  foreign  body,  such  as  aldehyde,  associated  with  the  acetic  portion  of  the 
liquid,  and  entering  for  the  time  into  the  constitution  of  its  salts,  we  can  easily  ex- 
plain the  high  atomic  weight  and  chemical  reactions. 


On  the  Connexion  between  the  Isomorphous  Behtions  ^the  Elements  and  their 
Physiological  Action,    By  James  Blake,  MJ^.^  F.B.C,S. 

In  a  paper  read  before  the  Academy  of  Sciences  at  Paris,  the  author  remarked 
"  that  when  introduced  directiy  into  the  blood,  the  salts  of  the  same  base  appear  to 
exert  the  same  effect  on  the  animal  ceconomy."  Since  that  time  further  researches 
have  led  to  the  discovery  of  a  law,  equally  interesting  under  a  chemical  as  under  a 
physiological  point  of  view.  The  law  alluded  to  is  that,  when  introduced  into  the 
blood,  all  isomorphous  substances  produce  analogous  effects  and  give  rise  to  the  same 
reactions  in  the  animal  (economy.  This  law  has  been  verified  by  an  extended  series 
of  experiments  with  the  salts  of  magnesia,  lime,  manganese,  iron,  cobalt,  nickel,  zinc, 
cadmium,  copper,  bismuth,  lead,  baryta,  strontia,  soda,  silver,  potash,  ammonia. 
palladium,  platinum,  osmium,  iridium,  antimony, — ^the  acids  of  phosphorus,  arsenic* 
bromine,  chlorine,  iodine,  sulphur,  and  selenium.  One  of  the  facts  observed  is  the 
connexion  which  exists  between  the  physiological  action  of  these  substances,  and 
their  isomorphous  relations  to  the  elements  of  the  blood.  It  is  found  that  those 
substances  which  exist  in  the  blood,  or  which  have  isomorphous  relations  with  its 
elements,  give  rise  to  the  least  marked  reactions :  thus  phosphoric  and  arsenic  adds 
can  be  introduced  into  the  veins  without  produdng  any  marked  phenomena,  whilst, 
on  the  other  hand,  those  elements  which  are  most  distinct  in  an  isomorphous  point 
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of  view,  from  the  constituents  of  the  blood,  are  those  which  give  rise  to  the  most 
marked  phsenomena.  Two  drachms  of  arsenic  acid  injected  into  the  veins  will  pro- 
duce no  marked  effect  on  any  organ ;  but  a  grain  of  chloride  of  palladium,  or  two 
grains  of  nitrate  of  baryta,  are  sufficient  instantly  to  arrest  the  movements  of  the 
heart.     Several  other  instances  analogous  to  those  quoted  were  pointed  out. 


On  the  Action  of  Oxalic  Acid  upon  the  Dead  Tissues  of  the  Animal  Body, 

By  H.  Letheby,  M,B. 

It  has  been  stated  by  Dr.  Coindet,  Dr.  Christison  and  others,  that  oxalic  acid  does 
not  appear  to  have  any  corrosive  action  on  the  stomach  like  the  mineral  acids.  Dr. 
Letheby  however  remarks  that  these  statements  are  opposed  to  the  observations 
which  he  has  made.  In  every  case  which  he  had  examined  of  poisoning  by  oxalic 
acid,  the  stomach  soon  after  death  was  found  to  be  completely  corroded,  so  that  it 
would  scarcely  hold  together.  Numerous  experiments  were  made  with  various 
animal  tissues,  such  as  submitting  skin,  stomach,  intestine,  muscle  and  tendon  to 
the  action  of  solutions  of  oxalic  acid  of  different  strengths.  After  standing  about 
twelve  or  fourteen  hours  at  a  temperature  of  60^  Fahr.,  it  was  found  that  the  cel- 
lular and  mucous  tissues  of  each  underwent  either  complete  solution,  or  else  were  so 
softened  that  they  broke  down  under  the  pressure  of  the  thumb  and  fingers ;  the 
albuminous  and  muscular  tissues  were  also  softened  and  looked  as  if  they  had  been 
scalded.  

On  an  important  Chemical  Law  in  the  Nutrition  (f  Animals. 

By  R.  D.  Thomson,  M.D. 

This  paper  was  a  recapitulation  of  the  results  obtained  by  Dr.  Thomson  when 
engaged  on  the  Government  Commission,  and  published  in  the  Report  presented  to 
Parliament,  and  also  in  Dr.  Thomson's  '  Researches  on  the  Food  of  Animals.' 


On  the  Difference  in  the  Physiological  Actions  of  the  Yellow  and  Bed  Prus' 
siates  as  an  evidence  of  their  containing  dissimilar  Badicals.  By  H. 
Letheby,  M,B. 

In  the  course  of  his  inquiries  into  the  actions  of  the  various  compounds  containing 
cyanogen  on  the  animal  oeconomy,  the  author  was  particularly  struck  with  the  great 
dissimilarity  in  the  effects  produced  by  the  yellow  and  red  prussiates  of  potash,  and 
was  led  to  think  it  might  fbrnish  some  evidence  upon  the  side  of  Liebig's  doctrine, 
that  the  two  salts  contain  radicals  which  are  dissimilar.  To  prepare  himself  for  this 
inquiry,  however,  he  thought  it  necessary  to  ascertain  what  would  be  the  effects  of 
the  simple  and  the  double  cyanides,  and  then  to  experiment  with  the  yellow  and  red 
prussiates  of  similar  bases.  Of  the  simple  cyanides,  he  chose  those  of  potassium, 
sodium,  ammonium,  mercury,  lead,  iron,  zinc  and  silver ;  and,  to  provide  against  any 
fallacy  which  might  arise  from  the  action  of  the  gastric  juice,  injected  them  into  the 
veins  or  peritoneal  cavity.  Contrary  rather  to  bis  expectations,  it  was  found  that 
they  were  all  poisonous ;  the  soluble  ones  generally  acting  as  quickly  as  prussic  acid, 
while  the  others  required  a  little  longer  time  for  the  development  of  the  symptoms ; 
but  in  all  cases  death  followed  their  administration,  from  two  to  five  grains  being 
sufficient  to  produce  such  a  result.  Of  the  double  cyanides,  he  chose  those  of  po- 
tassium and  zinc,  potassium  and  silver,  potassium  and  nickel,  and  a  mixture  of 
cyanide  of  potassium  with  cyanide  of  iron.  These  also  were  found  to  be  most  poi- 
sonous, proving  fatal  in  doses  almost  as  small  as  the  preceding.  ^  Now,  these  in- 
quiries clearly  established  two  facts, — that  neither  the  simple  nor  double  cyanides 
could  be  given  even  in  five-grain  doses  with  impunity.  The  author  was  therefore 
much  astonished  to  find  that  a  class  of  salts  regarded  by  some  chemists  as  double 
cyanides  should  have  little  or  no  action  upon  the  animal  oeconomy,  and  that  they 
might  be  administered  in  doses  of  half  an  ounce  without  their  exhibiting  any  un- 
pleasant symptoms  whatever.  This  was  found  to  be  the  case  with  the  ferrocyanide^ 
experiments  having  been  made  with  those  of  potassium,  sodium,  ammonium,  bar 
lead,  iron  and  silver. 
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He  next  examiDed  the  effects  of  the  red  prusBiates ;  and  here  again^  contrary  to 
what  would  have  been  aurmiaed  from  the  want  of  action  in  the  preceding  compouDds^ 
it  was  found  that  they  constituted  a  class  almost  as  poisonous  as  the  simple  cyanides. 
The  experiments  were  made  with  the  red  prussiates  of  potash  and  lead,  and  with  a 
crystalline  acid  obtained  by  the  action  of  muriatic  acid  and  ether  upon  the  former 
of  these  compounds.  Each  of  them  was  quickly  fatal  in  doses  of  from  ten  to  forty 
grains.  .  

Ontheuseqf  stating,  with  the  rentUs  of  AncdyseSi  the  nature  of  the  Methods 

employed.    By  W.  West,  F.ILS. 

The  author  of  this  communication  pointed  out  the  necessity  which  existed  for 
knowing,  not  merely  the  results  to  which  chemists  might  arrive,  bat  the  processes 
by  which  these  results  were  obtained.  It  was  shown  that  many  of  the  discrepancies 
found  to  exist  in  analytical  results  would  thus  be  satisfactorily  explained^  and  all 
doubt  as  to  the  correctness  of  an  analysis  removed. 


On  the  pretence  rf  Atmospheric  Air,  uncombined  Chlorine,  and  Carbonic  Add 
found  in  the  fVater  of  some  of  the  Wells  in  the  suburbs  of  SouthanqfiOHf 
and  their  Action  on  Lead.    By  Henry  Osbork. 

The  principal  object  of  this  paper  was  to  caution  persons  residing  in  the  nei^- 
bourhood  of  Southampton  against  the  use  of  leaden  pipes  for  conveying  water,  and 
to  induce  them  to  avoid  the  use  of  lead  in  any  form  for  tjiat  purpose  without  having 
the  water  previously  examined,  in  order  to  ascertain  whether  it  possessed  the  property 
of  acting  upon  the  metal  and  holding  it  in  solution.  The  author  brought  forward 
several  instances  of  the  serious  consequences  which  had  resulted  from  the  use  of 
water  impregnated  with  lead,  and  pointed  out  the  different  solvent  principles  found 
in  the  water,  one  of  which  was  uncombined  chlorine  discovered  in  a  spring  in  the 
New  Forest.  This  water  possessed  the  property  of  bleaching  Brazil  paper  and  redden- 
ing litmus  paper  after  concentration.  The  amount  of  uncombined  chlorine  was  esti- 
mated as  chloride  of  silver  by  deducting  the  amount  of  the  latter  contained  in  twenty 
ounces  of  water  from  that  of  the  chlorine  contained  in  the  solid  contents,  the  former 
weighing  1*2  more  than  the  latter;  thus  indicating  0*296  of  uncombined  chlorine 
which  is  capable  of  uniting  with  0*864  of  lead,  forming  1*16  of  chloride  of  lead  in 
the  imperial  pint.  The  lead  held  in  solution  by  carbonic  acid  and  the  oxygen  of 
atmospheric  air  was  converted  into  chromate  of  lead,  and  estimated  as  chloride  of 
lead,  which  indicated  0*25  or  0*2  of  the  oxide  in  twenty  ounces  of  water.  The  solid 
contents  in  an  imperial  pint  were  found  to  vary  from  one  to  three  grains,  and  to  be 
composed  of  the  chlorides  of  sodium,  calcium  and  magnesia,  sulphate  of  lime,  silica 
and  vegetable  matter.  Notwithstanding  the  preservative  property  which  the  salts 
contained  in  spring-water  are  said  to  possess  by  forming  an  insoluble  crust  in  the 
interior  of  the  pipes,  it  was  found  that  the  leaden  pipes  had  been  in  use  for  some 
years  and  the  action  of  the  water  on  the  lead  still  continued  with  as  much  energy  as 
when  they  were  first  laid  down,  thus  showing  the  presence  of  the  above  solvents,  and 
that  they  met  with  no  resistance  from  the  presence  of  the  saline  matter. 


On  the  Rationale  of  certain  Practices  employed  in  Agriculture. 
By  Prof.  Daubeny,  MJD.,  F.R.S. 

The  Professor  instanced  among  other  practices  the  use  of  quicklime  and  of  gypsum 
as  fertilizers  to  the  land. 

The  former  of  these  substances  he  supposes  to  act  in  part  by  rendering  those  in- 
organic substances  which  are  present  in  the  soil  more  soluble,  or,  in  accordance  witk 
the  views  laid  down  by  the  author  in  a  memoir  which  he  has  published  in  the  Phi* 
losophical  Transactions  of  last  year,  by  converting  the  dormant  constituents  of  the 
soil  mto  oc/tve  ones,  or  into  a  state  in  which  they  become  immediately  available. 

He  appealed  to  the  authority  of  Professor  Fuchs,  confirmed  by  that  of  Mr.  Pri* 
deaux  of  Pljrmouth,  as  showing  that  the  alkali  may  be  extracted  from  granite  readily 
by  water  after  the  rock  in  a  pounded  form  has  been  heated  together  with  quicklime  | 
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and  he  stated  that  a  soil  exhausted  hy  long^continued  cropping  was  found  hy  him- 
self to  yield  to  water  twice  as  much  alkali,  after  having  been  mixed  with  quicklime^ 
as  it  hsd  done  before. 

Hence  the  frequent  application  of  lime  tends  to  produce  exhaustion  in  the  land» 
not  only  because  it  supplies  in  itself  no  fresh  alkali,  but  likewise  because,  by  ren- 
deriog  that  which  the  soil  contains  more  soluble,  it  causes  it  to  be  washed  away 
more  readily  by  atmospheric  water. 

Ploughing,  and  other  mechanical  methods  of  pulyerizing  the  soil,  appear  to  act  in 
the  same  way ;  and  so  also  may  we  suppose  to  do  the  sprinkling  of  the  soil  with 
sulphuric  acid,  as  is  practised  in  some  parts  of  the  continent. 

The  author  then  alluded  to  the  various  modes  of  explaining  the  advantage  attri- 
buted to  gypaum  which  certain  leading  agricultural  chemists  had  proposed;  one 
ascribing  its  virtues  to  the  direct  influeoce  of  the  salt ;  another  to  the  indirect  good 
resulting  from  it,  owing  to  its  property  of  fixing  ammonia ;  a  third  regarding  its  acid 
constituent  as  of  the  principal  utihty ;  and  a  fourth  its  base. 

Dr.  Daubeny  save  reasons  for  rejecting  tbe  third  and  fourth  of  these  hypotheses, 
but  considered  uat  the  use  of  gypsum  may  be  in  part  attributable  to  the^rtt  and  in 
joiTt  to  the  $econd  of  the  causes  pointed  out ;  supposing  that  this  substance  is  ^ene- 
rally  useful  to  all  plants  from  its  property  of  fixing  ammonia,  and  also  egpecially 
serviceable  to  certain  species,  by  supplying  them  wiu  a  salt  which  they  require  for 
their  development.  He  was  principally  anxious  however  to  bring  forward  this  sub- 
ject, in  the  hope  of  inducing  chemists  to  institute  fresh  experiments  for  the  purpose 
of  setting  the  question  at  rest.  _«_ 

On  the  Fatty 'Tings  of  Pastures.    By  Pro£  J.  T.  Way. 

A  description  of  these  patches,  with  which  most  persons  are  familiar,  was  given ; 
and  it  was  stated  that  the  grass  of  which  such  rings  are  formed  is  always  the  first 
to  vegetate  in  the  spring,  and  keeps  the  lead  of  the  ordinary  grass  of  the  pastures 
till  the  period  of  cutting.  If  the  grass  of  these  fairy-rings  be  examined  in  the  spring 
and  early  summer,  it  will  be  found  to  conceal  a  number  of  agarics  or  "  toad-stools" 
of  various  sizes.  They  are  found  situated  either  entirely  on  the  outside  of  the  ring 
or  on  the  outer  border  of  the  grass  which  composes  it.  The  theory  of  DeCandolle, 
that  these  rings  increase  by  the  excretions  of  these  fungi,  being  favourable  for  the 
growth  of  grass  but  injurious  to  their  own  subsequent  development  on  the  same 
spot,  was  remarked  on,  and  shown  to  be  insufficient  to  explain  the  phenomena.  A 
cnemical  examination  of  some  fungi  (the  true  St.  George's  Agaric  of  Clusius — Agorieus 
ffraveolem)  which  grew  in  the  fairy- rings  on  the  pasture  around  the  College  at  Ciren- 
cester was  made.  They  contained  87*46  per  cent,  of  water,  and  12*54  per  cent,  of 
dry  matter.    The  ashes  of  these  were  found  to  contain — 

Silica 1*00 

Lime 1*35 

Magnesia 2*20 

Peroxide  of  iron  trace 

Sulphuric  acid 1*93 

Carbonic  acid   3*80 

Phosphoric  acid   29*49 

Potash 55-10 

Soda 3*32 

Chloride  of  sodium 0*4 1 

98-69 

The  abundance  of  phosphoric  acid  and  potash,  existing  no  doubt  as  ^e  tribasic 
phosphate  of  potash  (SKO,  P05),  which  is  found  in  these  ashes  is  most  remarkable. 
The  author's  view  of  the  formation  of  these  rings  is  as  follows : — ^A  fungus  is  deve- 
loped un  a  single  spot  of  ground,  sheds  its  seed  and  dies :  on  the  spot  where  it  grew 
it  leaves  a  valuable  manuring  of  phosphoric  acid  and  alkalies,  some  magnesia,  and  a 
little  sulphate  of  lime.  Another  fungus  might  undoubtedly  grow  on  the  same  spot 
again ;  but  upon  the  death  of  the  first  the  ground  becomes  occupied  by  a  vigorous 
crop  of  graas^  rising  like  a  Phcsnix  on  the  ashes  of  its  predecessors.    It  wodd  thus 
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appear  that  the  increase  of  these  fairy-rings  is  due  to  the  large  quantity  of  phosphated 
alkali,  magnesia,  &c.  secreted  by  these  fungi ;  and  whilst  t£ey  are  extending  them- 
selves in  search  of  the  additional  food  which  they  require,  they  leave,  on  decaying,  a 
most  abundant  crop  of  nutriment  for  the  grass. 


On  certain  Principles  which  oUain  in  the  appUcatum  of  Manures, 

By  William  Cuarl£s  Spooner. 

This  was  a  paper  by  a  practical  agriculturist,  who  has  paid  attention  to  the  re- 
commendations of  chemists  as  to  the  application  of  manures.  It  was  pointed  oat 
that  many  of  the  recommendations  of  chemists  were  nearly  valueless  to  IJie  practical 
farmer  on  account  of  the  expense  involved  in  their  employment.  The  direct  appli- 
cation of  sulphuric  acid  and  silicate  of  potash  were  adduced  as  examples,  the  expense 
in  both  cases  rendering  their  use  impracticable,  however  valuable  these  ingredients 
may  otherwise  prove.  Many  other  examples  were  given  enforcing  on  chemists  the 
necessity  of  connecting  with  their  experimental  inquiries  the  practicability  of  their 
agricultural  applications,  both  with  reference  to  economical  use  and  the  ease  with 
which  they  may  be  employed.  

On  the  application  of  the  Principles  of  a  Natural  System  of  Organic  Che- 
mistry  to  the  Eaplanation  of  the  Phcenomena  occurring  in  the  diseased 
Potato  Tuber.    By  G.  Kemp,  MJ>. 

At  the  meeting  of  the  Association  last  year  at  Cambridge,  Dr.  Kemp  introdaced 
to  the  notice  of  ue  Society  an  outline  of  the  results  of  two  years'  investigation  into 
the  nature  of  the  changes  effected  by  vital  and  physical  agents  on  organized  bodies, 
his  principal  aim  being  to  suggest  an  arrangement  founded  upon  natural  affinities, 
and  capable  of  interpreting  the  results  of  organic  analysis,  consistently  with  the  phae- 
nomena  which  natural  or  artificial  agents  have  effected. 

At  an  early  period  of  the  ravages  committed  last  year  by  what  is  called  the  potato 
disease.  Dr.  Kemp  was  induced,  by  the  application  of  elementary  analysis,  to  attempt 
the  removal  of  some  of  the  difficulties  in  which  the  explanation  of  the  subject  was 
involved.  The  results  of  those  analyses  are  recorded  in  the  abstracts  of  the  Cam- 
bridge Philosophical  Society.  By  the  application  of  the  principles  of  the  natural 
system  of  organic  chemistry  which  he  has  suggested,  the  author  arrived  at  the  con- 
clusion, **  that  the  true  nature  of  the  affection  is  an  abnormal  tendency  to  premaiurt 
germination,"  BJid  that  the  changes  which,  the  diseased  tuber  undergoes  are  identical 
with  those  which  had  three  years  previously  been  discovered  by  Erdmann,  Marchand 
and  Scharling  to  take  place  during  the  normal  germination  of  seeds  and  tubers. 

Some  remarks  followed  which  all  bore  on  tibe  importance  of  autumn  planting. 
Numerous  striking  instances  were  adduced  in  which  b^thy  potatoes  had  been  grown 
from  diseased  tubers  planted  in  the  autumn. 


Some  Inquiries  into  the  Extent^  Causes  and  Remedies  of  Fungi  destructive  in 

Agriculture,    By  J.  Prideaux. 

Ist.  Extent. — DeCandolle's  theory  of  injurious  excretions  having  been  opposed 
by  many  arguments  and  experiments,  particularly  those  recently  published  by  Dr. 
Daubeny ;  that  of  Liebig,  of  specific  exhaustion  of  the  soil  by  plants  of  one  species, 
leaving  it  fit  for  another  which  required  different  ingredients,  had  been  generally 
substituted.  Some  however  had  taken  a  middle  course,  and  supposed  plants  to  breed 
animalcules ;  which  they  left  in  the  soil,  and  which  would  feed  upon  other  plants  of 
the  same  species,  but  not  upon  those  of  different  ones.  The  writer  also,  unsatisfied 
with  the  theory  of  specific  exhaustion  of  inorganic  ingredients,  from  the  occasional 
unaccountable  efficacy  of  ashes  and  soot,  and  the  inconsistent  effects  of  inorganic 
manures ;  had  investigated  the  organic  residues  on  the  soil, — after  wheat,  barley,  tur- 
nips and  potatoes ;  compared  them  with  the  premature  decay  of  wheat  (where  too 
often  cultivated)  in  patches,  expanding  from  centres,  like  fairy-rings ;  and  with  the 
notoriety  of  fungus  in  the  potato  disease ;  and  had  thence  been  led  to  inquire  how 
far  such  fr  might  be  the  general  representatives  of  DeCandolle's  sop* 
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posed  injnrioas  excretions.  To  what  extent  this  may  be  tnie,  the  microscope  will 
best  decide,  by  examining  the  roots  and  contiguous  soil  of  plants  after  harvest,  espe- 
cially those  which  have  ripened  seeds. 

2nd.  Causes. — Fungi  and  mucors  were  supposed  to  bear  somewhat  the  same  re- 
lation to  vegetable,  as  mites  and  the  like  to  animal,  life — a  sort  of  debased  or  degraded 
vitality,  produced  when  the  organizing  vital  power  was  not  enough  predominant  over 
the  disorganizing  tendency  to  decomposition,  to  effect  due  assimilation  of  the  nutri- 
tions matter  presented  ;  but  still  sufficiently  so  to  prevent  decomposition  or  decay. 
The  constant  struggle  between  the  organizing  vital  force,  and  the  decomposing  power 
of  chemistry,  was  described ;  and  instances  were  adduced  to  show  that  the  invigora- 
tion  of  the  vital  force  by  solar  light,  and  abundance  of  proper  nourishment,  enabled 
it  effectually  to  repress  the  decomposing  action ;  whilst,  on  the  contrary,  gloom, 
warm  damp,  and  stagnant  electrical  air,  assisted  the  disorganizing  force,  and  often 
produced  predatory  fungi,  which  might  thus  be  considered  a  sort  of  retarded  disor- 
ganization. So  ripening  plants,  as  their  vital  powers  decay,  might  generate  such 
parasites,  which  would  explain  how  they  weaken  the  soil  so  much  more  thaif  green 
crops,  in  proportion  to  the  contents  of  their  ashes.  Such  fungi,  though  not  the 
cause  of  disease  or  decay,  are  effectual  promoters  of  both,  and  probably  the  ehirf 
means  of  infection,  where  that  also  exists. 

3rd.  Remedies. — If  further  investigation  prove  fungi  thus  generated  to  produce 
such  generally  injurious  effects,  the  remedies  will  be  of  practical  importance.  These 
should  be  cheap  and  antiseptic,  as  well  as  destructive  to  fungi.  Sulphate  of  copper 
with  salt,  which  had  been  successfully  used  for  seed  potatoes,  was  too  costly  for 
spreading  over  the  soil.  Fresh  lime,  the  general  destroyer  of  noxious  vermin,  roots 
and  seeds,  would  probably  answer  till  rendered  inert  by  carbonic  acid.  Salt,  which 
appeared  more  promising,  he  had  found,  in  some  experiments,  rather  promote  than 
destroy  fungi.  Lime  and  salt  digested  together  would  eliminate  caustic  soda,  a  very 
active  destroyer ;  and  soda  ash,  with  or  without  lime,  would  have  a  somewhat  like 
effect ;  and  ammoniacal  gas  liquor  is  perhaps  a  still  more  destructive  application. 
But  none  of  these  alkalies  can  be  regarded  as  antiseptic  ;  and  the  ammonia,  when 
neutralized  in  the  soil,  might  even  promote  disorganizing  fermentation  where  already 
too  strong ;  and  therefore,  though  they  might  do  after  seed  crops,  more  antiseptic 
dressings  must  be  used  where  there  is  putrescent  tendency.  Chloride  of  lime,  in 
solution,  he  had  found  useless  on  diseased  potatoes ;  the  powder  had  been  said  to 
-answer  better,  but  either  would  soon  be  rendered  inactive  in  the  soil  by  the  humous 
matters.  Sulphuric  acid,  diluted,  might  succeed,  where  farmers  had  the  means  of 
applying  it ;  and  alum,  which  is  of  easy  application,  is  a  cheap  and  powerful  anti- 
septic. * 

Dressings  of  this  kind,  intended  to  kill  the  fungi  and  check  the  disorganizing 
action,  would  be  turned  under  in  the  first  ploughing  ailer  harvest,  independent  of  the 
usual  manure  for  nourishing  and  exciting  vital  action. 

New  FacU  hearing  en  ike  Chemical  Theory  of  Volcanoes. 
By  Prof.  Daubeny,  iRf.J9.,  F.R.S. 

Hiis  communication  detailed  the  views  formerly  promulgated  by  the  author  in 
support  of  that  at  one  time  entertained  by  Sir  Humphry  Davy,  that  volcanic  plue- 
nomena  are  due  to  the  oxidation  of  the  metallic  bases  of  the  earths  and  alkalies  by 
the  access  of  water  and  atmospheric  air  to  the  interior  of  the  earth. 

After  alluding  to  the  hypothesis  of  central  heat,  and  pointing  out  in  what  respects 
it  fails  to  account  for  the  phsnomena  presented  by  volcanoes.  Dr.  Daubeny  particu- 
larised two  new  facts  which  lend  countenance  to  the  chemical  theory.  The  first  of 
these  is  the  chemical  composition  of  volcanic  products,  which,  according  to  recent 
researches,  is  such  as  to  lead  to  the  inference  that  they  are  derived  from  granitic 
materials,  by  the  super-addition  of  those  alkaline  and  earthy  ingredients,  which  would 
arise  from  the  supposed  oxidation  of  the  inflammable  bases  assumed  to  exist  in  the 
interior  of  the  earth. 

The  other  new  fact  was  the  emission  of  flames  from  the  orifices  of  Vesaviiia 
other  volcanoes,  attributable  apparently  to  the  combustion  of  hydrogen  in  r 
combinations,  this  disengagement  of  hydrogen  being  an  immediate  conr 
die  supposed  process. 
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Notices  of  Experiments  in  ThermO'EleetricUy,    By  J.  Readb,  ilf  J9. 

Some  experiments  were  shown  by  which  a  brass  bar  covered  with  paper,  placed 
in  the  focas  of  a  reflecting  sheet  of  copper  bent  into  a  semicircular  form,  and  at  a 
short  distance  from  a  spirit-lamp,  was  made  to  revolve.  This  Dr.  Reade  thought  to 
be  due  to  the  influence  of  thermo-electricity. 

On  the  Electrization  of  Needles  in  different  Media. 
By  Prof.  C.  Matteucci. 

Professor  Matteucci  has  found  that  needles  electrized  in  air,  in  oil,  or  in  water* 
were  differently  affected  by  the  current,  the  magnetism  varying  with  the  nature  of 
the  medium  in  which  the  needles  were  placed.  The  materials  employed  wer«  the 
oil  of  turpentine,  olive  oil,  alcohol  and  water,  and  also  plates  of  mica,  llie  discharge 
of  a  Leyden  jar  was  then  passed  near  the  needles  suspended  in  tiiese  fluids,  and  the 
amount  of  magnetization  ascertained. 

On  Crystallography  and  a  new  Goniometer.    By  H.  B.  Lseson,  MJ). 

This  new  system  of  crystallography  was,  during  the  last  session  of  the  Chemical 
Society,  brought  under  the  notice  of  that  body,  and  illustrated  by  models  and  instm- 
ments.  Dr.  Leeson's  goniometer  consists  in  adapting  to  a  microscope  a  polarizing 
prism ;  the  crystal  observed  through  this  polarizing  eye-piece  of  course  presents  two 
faces  instead  of  one,  but  by  turning  the  eye-piece  until  these  two  angles  are  made  to 
correspond,  the  true  angle  of  inclination  from  the  axial  line  is  obtained,  and  its  Talne 
is  read  off  from  a  graduated  circle  within  which  the  polarizing  arrangement  moves. 

On  the  Influence  which  ^nely-divided  Platina  exerts  on  the  Electrodes  of  a 
VoUameter.    By  the  Rev.  T.  R.  Robinsok,  DJ). 

Having  occasion  some  years  ago  to  construct  a  small  voltaic  battery  on  Daniell'a 
principle,  and  wishing  to  make  it  as  powerful  as  was  consistent  with  a  limited  size« 
I  was  led  to  determine  its  constants  by  Ohm's  theory.  Using  the  voltameter,  and 
grouping  observations  by  the  means  used  in  astronomy,  I  succeeded  in  this ;  and 
when  Mr.  Wheatstone's  paper  on  the  '  Rheostat '  appeared,  wished  to  confirm  by 
that  instrument  my  results.  The  facility  of  its  application  led  me  to  other  examina* 
tions,  one  of  which  I  have  ventured  to  lay  before  the  Section,  as  it  seems  to  me  im- 
portant in  its  bearing  on  a  matter  lately  brought  before  the  scientific  world  by  Grove 
and  Faraday,  namely  the  intimate  connexion  of  all  or  nearly  all  the  molecular  forces. 
The  galvanometer  used  by  me,  being  intended  to  measure  powerful  currents,  con- 
sisted of  a  simple  needle  suspended  in  the  centre  of  a  massive  rectangle  of  copper. 
I  was  in  hopes  that  this  simplicity  of  construction  might  give  some  simple  relation 
between  the  deflection  and  force,  but  it  was  not  so ;  &e  denominator  of  Ohm's  ex- 
pression of  the  force  of  the  current  is 

R  +  =  rV^{5;^-Bco.»<}. 

as  given  by  careful  interpolation ;  but  I  have  not  tried  whether  this  can  be  deduced 
firom  theory.  The  needle's  magnetism  was  constantly  examined  and  kept  at  satura- 
tion. The  rheostat  was  of  Mr.  Wheatstone's  second  kind  slightly  modified,  its  vnre 
copper  -ji^th  of  an  inch,  and  100  turns  of  it  are  70  feet.  The  value  of  E,  the  elec- 
tromotive force  of  Ohm,  or  rather  the  intensity  of  the  sum  or  difference  of  the  che- 
mical affinities  exerted  in  the  cells  is,  as  in  Wheatstone's  memoir,  expressed  by  the 
number  of  turns  of  the  rheostat  required  to  bring  the  needle  from  45**  to  40^.  The 
determinations  of  it  are  very  consistent,  provided  that  the  magnetism  qf  the  needle  is 
constant  and  all  the  apparatus  in  given  positions  *.      i 

*  The  author  adds  the  value  of  E  in  the  following  cases : — 

Copper,  zinc,  dilute  sulphuric  acid E  b  31*0 

Platina,  zinc,  dilute  sulphuric  acid E  »  43'0 

Danieirscell E  «  57*0 

Ditto,  with  mur.  acid  and  ammonlo-chloride  of  copper E  «  53*9 

Zinc  in  dilute  mur.  acid,copper  and  a  mixtureofsulph.  of  copper  and  nitr.  of  ammon.  B  ■»  68*0 

Grove's  cell B  i-  18«S 

These  values  neither  change  with  the  concentration  of  the  fluids  nor  with  the  tempentoics* 
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When  one  of  these  cells  is  connected  with  a  voltameter,  no  decomposition  takes 
place  that  is  sensible,  though  a  feeble  current  passes.  With  two  a  slight  extrication 
of  gas  takes  place  at  first  and  ceases,  though  it  may  be  made  continuous  by  reversing 
the  direction  of  the  current.  Three  act  steadily:  the  inactivity  of  the  others  is  owing 
to  what  has  been  called  polarization  of  the  electrodes,  but  which  I  would  rather  name 
electrolytic  resistance.  It  may  be  measured  as  E  in  turns  of  the  rheostat,  and  was, 
with  the  particular  charges  which  I  then  used,  2*5  £.  Obviously,  therefore,  two  cells 
could  not  decompose  it,  for  in  that  case  by  Ohm's  theory  the  energy  of  the  current 

p^2  E  — 2*5E 
2R  +  r-f-y 

(y  being  the  resistance  of  the  voltameter)  is  negative. 

This  antagonist  force  is,  I  believe,  referred  to  the  accumulation  of  nascent  hydrogen 
and  its  peroxide  on  the  electrodes ;  and  it  seemed  likely  that  the  evolution  of  these 
substances  might  be  promoted  by  coating  the  platina  with  that  metal  in  a  state  of 
fine  division.  This  was  performed  by  filling  the  voltameter  with  chloride  of  platina, 
inmiersing  in  it  a  positive  platina  wire,  and  making  the  electrodes  negative.  Tlie  case 
was  now  altered ;  one  cell  decomposed  feebly  with  chlorine  compounds  as  charges, 
but  decidedly  with  sulphates;  two  give  1*1  cubic  inch  of  the  mixed  gases  in  five 
minutes.  With  higher  numbers  the  difference  is  also  decided.  The  quantities  given 
by  3  cells  had  been    2*5,  now    5'5 

6        „        „        9-9     ,»     11-8 

6  double      „      18'5     „     25'3 

My  first  impression  was  that  the  electrolytic  resistance  must  have  been  lessened,  for 
the  fact  of  decomposition  implies  that  n  E  is  greater  than  e  in'  the  formula ;  but  on 
examining  it  I  found  that  e  »  E  X  2'49.  Therefore  I  infer  that  the  force  which  tiiua 
assists  the  batterv  in  subverting  the  affinity  of  oxygen  for  hydrogen  i$  qf  such  a 
mature  that  the  galvanometer  doee  not  take  cognisance  qf  it,  and  therefore  is  not  elec- 
tric. What  then  is  its  nature  ?  The  only  explanation  which  occurs  to  me  is,  that 
the  energetic  capillary  attraction  which  appears  to  exist  at  the  surface  of  this  platina 
coating  may  be,  like  heat  or  electricity,  convertible  into  chemical  attraction,  or  that 
the  film  of  water  in  contact  with  it  being  decomposed,  the  heat  evolved  by  its  con- 
densing a  new  one  (for  the  intensity  of  this  capillary  force  is  very  great)  may,  as  in 
Grove's  recent  discovery,  aid  the  separation  of  the  gases.  I  may  add  that  this  pe- 
culiar action  is  more  energetic  at  the  positive  electrode  than  the  other.  I  removed 
the  coating  from  one  of  the  plates  by  filling  the  voltameter  with  muriatic  acid,  and 
making  it  positive.  The  surface  retained  however  some  of  it  which  could  not  be  re- 
moved. When  this  was  the  negative  electrode,  more  gas  was  evolved  than  when  it 
was  positive.  With  2  cells  the  quantities  are  2' 18  and  2*68,  with  6  cells  8*60  and 
9*12.  It  maybe  added,  that  in  all  these  cases  the  resistance  of  the  voltameter  itself 
appears  to  have  been  the  same,  the  different  measures  varying  from  38  to  35. 


On  the  Eleetrieity  of  Tension  in  the  Voltaic  Battery. 
By  John  P.  Gassiot,  F.ILS. 

The  author,  referring  to  a  paper  presented  to  the  Royal  Society  in  December  1843, 
remarks  that  the  water  battery  he  then  used,  which  with  3520  pairs  gave  a  continued 
series  of  sparks,  is  at  this  time  nearly  as  energetic  in  its  action  as  at  first,  merely  re- 
quiring to  be  refilled  with  water  from  time  to  time  as  it  evaporates. 

This  was  the  only  arrangement  of  the  voltaic  battery  by  which  he  was  then  en« 
abled  to  exalt  the  effects  of  tension  so  as  to  obtain  the  electrical  spark  before  contact 
of  the  terminals ;  although  with  the  assistance  of  an  exceedingly  delicate  gold-leaf 
electroscope,  he  at  that  time  elicited  distinct  signs  of  tension  in  a  single  cell  of  Grove's 
nitric  acid  battery,  and  subsequently  in  one  of  copper  and  zinc  charged  with  sul- 
phuric acid.  But  in  all  the  different  series  of  experiments  described  in  the  paper 
referred  to,  he  invariably  found  that  the  higher  the  chemical  affinities  of  the  elements, 
the  greater  was  the  development  of  the  effects  of  tension.  For  instance,  to  produce 
a  certain  extent  of  tension  with  the  gas  battery  of  Grove  when  charged 
and  hydrogen,  ten  or  twelve  pairs  of  Cells  were  required ;  with  hydro 
rine,  aix  pairs ;  with  chlorine  in  a  single  tube  and  amalgamated  zinc 
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element,  two  pairs ;  and  while  it  took  sixteen  cells  of  the  water  battery  to  produce  a 
given  effect  on  the  electroscope,  ten  of  the  same  cells  when  charged  with  dilate  add 
produced  the  same  effect  in  the  same  instrument. 

The  static  effects  of  a  voltaic  battery  are  very  feebly  developed,  except  when  the 
battery  is  insulated,  and  the  difficulties  of  insulation  in  an  extended  series  are  at  all 
times  great.  In  the  battery  excited  by  acid  solutions  these  difficulties  are  much  in- 
creased, in  consequence  of  the  conducting  power  of  the  liquids ;  still  they  are  not 
insurmountable;  and  as  of  all  the  batteries  hidierto  construct^,  the  nitric  acid  battery 
of  Grove  is  composed  of  elements  of  the  highest  chemical  affinity,  the  i^  ib. 
author  determined  on  constructing  one,  in  which  the  effects  of  tension 
should  be  heightened  to  the  extent  of  exhibiting  the  spark  before  the 
circuit  was  completed,  which  he  hoped  to  accomplish  without  being 
compelled  to  extend  the  series  to  any  extraordinary  number,  as  he  had 
done  in  the  water  battery  previously  described. 

For  this  purpose  he  had  100  glass  cells  constructed  three  inches  deep, 
with  stems  seven  inches  long ;  the  zinc  of  each  series  was  attached  to 
a  slip  of  platinum  foil ;  each  cell  was  carefully  charged  in  the  usual 
.manner  (but  only  half-full),  with  strong  nitric  and  dilute  sulphuric 
acid,  and  great  care  was  taken  that  the  outside  of  each  cell  with  the 
stem  was  perfectly  dry.  To  the  terminals  of  this  battery  were  attached 
the  copper  plates  of  the  micrometer  electrometer  described  in  a  former 
paper  (Phil.  Trans.  1840).  On  approximating  the  plates  of  this  in- 
strument to  about  TT^^^  of  c^  inch,  a  series  of  minute  sparks  took 
place,  and  in  a  few  seconds  the  usual  voltaic  arc  was  produced ;  this  arc 
could  then  be  elongated  to  the  extent  of  half  an  inch,  in  consequence  of 
the  particles  of  the  copper  having  passed  between  the  plates. 

If,  in  lieu  of  the  copper  plates,  pieces  of  charcoal  be  similarly  ap- 
proximated to  Tilths  of  an  inch,  the  arc  b  at  once  produced,  instead 
of  the  sparks  as  from  the  discs ;  the  loose  particles  of  the  carbon  being 
more  easily  detached  by  the  force  of  tension,  and  consequently  at  once 
producing  the  arc. 

The  author  believes  that  this  is  the  first  instance  in  which  a  true  gpark 
has  been  obtained  from  so  small  a  series  of  the  voltaic  battery. 


On  the  Decomposition  of  Water  into  its  constituent  Gtues  by  Heat, 

By  W.  R.  Grove,  F.R.S. 

^(r.  Grove  called  attention  in  the  first  place  to  the  fact,  proved  by  Cavendish 
and  the  French  philosophers,  that  oxygen  and  hydrogen  being  exposed  to  a  high 
temperature  the  electric  spark  immediately  combined  to  form  water.  He  stated  hia 
belief  that  the  explosion  of  the  mixed  gases  by  the  electric  spark  was  due  only  to  the 
heat  of  the  spark,  and  not  to  any  specific  electrical  effect.  He  then  announced  hia 
discovery  that  similar  processes  to  those  by  which  water  may  be  formed  are  capable 
of  decomposing  water.  Priestley's  method  for  decomposing  gases  by  passing  them 
through  heated  tubes  was  described,  and  the  advantages  of  using  a  form  of  eudio* 
meter  devised  by  Mr.  Grove,  in  which  an  incandescent  platina  wire  was  employed 
to  effect  combination  and  decomposition,  were  pointed  out.  By  an  apparatus  of  this 
kind,  ammonia,  camphor,  the  protoxide  and  peroxide  of  nitrogen  were  readily  de- 
composed. It  was  stated  that  hydrogen  gas  'exposed  to  the  ignited  wire  always 
showed  the  presence  of  oxygen,  and  that  it  is  impossible  to  pass  hydrogen  gas 
through  water  without  its  taking  up  so  much  oxygen  as  to  acquire  the  power  of 
giving  luminosity  to  phosphorus  in  the  dark. 

It  was  found  that  if  equal  volumes  of  hydrogen  and  carbonic  acid  were  exposed  to 
the  action  of  the  ignited  wire,  there  was  a  contraction  to  one  volume,  leaving  a  resi- 
due of  carbonic  oxide.  If  carbonic  oxide  alone  was  exposed  to  the  wire  over  water, 
the  gas  expanded  in  volume,  and  the  carbonic  oxide,  taking  oxygen  from  the  water, 
was  converted  into  carbonic  acid.  Here  we  have  two  dissimilar  results  produced  by 
the  same  cause.  By  means  of  hydrogen  we  take  oxygen  from  carbonic  acid,  leaving 
carbonic  oxide ;  and  by  means  of  carbonic  oxide  we  take  oxygen  from  water,  leaving 
hydrogen.    If  steam  is  formed  in  the  eudiometric  tube  and  acted  on  by  the  ignited 
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wure>  on  cooling  a  small  bubble  of  gas  b  formed,  ivhtcli  is  found  to  be  mixed  oxygen 
and  hydrogen  in  the  proportions  in  which  they  form  water.  This  is  the  result  of  the 
first  action  of  the  heated  wire :  in  a  few  seconds  a  small  bubble  of  gas  is  formed ; 
but  if  the  action  be  indefinitely  continued,  the  gas  does  not  increase  in  quantity. 
It  is  however  easy  to  remove  the  bubble  after  it  is  formed,  and  bring  a  fresh  supply 
of  steam  under  tne  influence  of  the  heated  wire,  and  thus  to  collect  a  sufficient 
quantity  of  gas  for  an  eudiometric  examination. 

Numerous  forms  of  apparatus  were  described  by  which  this  result  can  be  ob- 
tained. It  might  be  objected  that,  as  the  wire  was  ignited  by  a  voltaic  battery,  the 
decomposition  was  not  due  to  the  heat  of  the  wire,  but  to  an  electric  action.  This 
objection  would  not  indeed  be  maintained  by  those  who  were  well  acquainted  with 
electrical  pluenomena.  With  the  view,  however,  of  removing  all  doubt,  the  use  of 
the  battery  was  entirely  done  away  with,  and  all  the  results  obtained  by  the  agency 
of  heat  alone,  in  the  following  manner : — 

Into  a  silver  tube  a  narrow  tube  of  platina  is  soldered ;  and  this  is  again  connected 
with  a  bent  tube  which  admits  of  the  removal  of  any  gas  formed.  The  tubes  being 
filled  with  dbtilled  water,  and  the  open  extremity  immersed  in  a  vessel  of  water,  the 
flame  of  an  oxyhydrogen  blowpipe  is  made  to  act  upon  the  narrow  tube  of  platina, 
by  which  this  is  brought  to  a  white  heat.  The  water  is  of  course  instantly  con- 
verted into  steam,  and  this  steam  is  decomposed  by  the  agency  of  the  heat  alone. 
By  apparent  boiling,  we  thus  convert  steam  into  mixed  oxygen  and  hydrogen  gases ; 
and  this  operation  may  be  continued  for  any  length  of  time  by  bringing  a  fresh 
supply  of  steam  under  the  influence  of  the  ignited  platina.  If  a  fused  or  intensely- 
heated  globule  of  platina  is  plunged  into  water,  bubbles  of  oxyhydrogen  gas  imme- 
diately ascend  from  it,  which  may  be  collected  in  an  inverted  tube. 

Prof.  Grove  went  on  to  show  the  probable  connexion  between  this  phsenomenon 
of  decomposition,  and  the  spheroidal  state  of  fluids  when  projected  on  capsules  of 
heated  platina ;  this  had  been  referred  to  a  repulsive  action  of  a  coating  of  steam 
enveloping  the  spheroid  of  fluid ;  but  in  all  probability  the  spheroidal  drop  was 
made  to  assume  a  state  of  tension  approaching  decomposition  by  the  agency  of  the 
heat  to  which  it  was  exposed.  He  also  entered  into  several  considerations  suggested 
by  the  above  facts  as  to  the  relation  of  heat  to  chemical  affinity,  as  well  as  their 
geological  bearings  and  possible  practical  applications. 


Notice  of  a  Gas  Furnace  for  Organic  Analysis,    By  John  Percy,  MJ). 

In  this  arrangement,  gas  burnt,  mixed  with  air  through  wire-gauze,  is  substituted 
for  charcoal.  The  advantages  are  its  extreme  cleanliness,  and  the  power  which  the 
operator  possesses  of  regulating  at  will  the  heat,  which  is  not  practicable  in  the  or- 
dinary furnace  for  organic  analysis  with  charcoal. 


Extraordinary  appearance  in  the  Flame  of  a  common  mould  candle. 

By  £.  R.  J.  Knowles. 

The  writer's  attention  was  suddenly  attracted  by  the  light  of  the  candle  flitting, 
as  though  a  moth  had  flown  into  the  flame,  when  to  his  surprise  instead  of  an  insect 
straggling  he  saw  a  bright  spot  revolving  with  great  rapidity  in  the  flame ;  on  exa- 
mining it,  the  bright  spot  was  found  to  be  the  end  of  a  very  fine  filament  attached  to 
the  side  of  the  wick  about  half-way  up  the  ignited  part,  and  thus  held  to  it,  while 
the  extremity  with  the  bright  spot  of  light  revolved  in  a  circle  Uke  a  "  Catherine 
wheel," — ^the  circle  describ^  being  about  ^th  or  -^tin  of  an  inch  in  diameter.  It 
moved  with  a  velocity  of  about  three  or  four  revolutions  in  a  second,  and  ceased 
revolving  in  about  three  seconds.  As  stated,  when  it  commenced  it  was  a  very  small 
luminous  point,  and  it  increased  visibly  in  size  as  it  revolved,  becoming  eventually  a 
ball  or  aggregation  of  carbon,  suspended  by  a  single  thread  like  a  very  fine  hair* 


EaqperimmUs  on  the  Expansion  of  Saks.    By  Messrs.  Joule  and  Pl  atf  air. 

[This  paper  will  be  published  elsewhere  in  extenso.] 
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On  the  Origin  of  the  Coal  of  Silesia,     By  Professor  Goppert  of  Bre$hm, 
Communicated  by  Sir  R.  I.  Murchisok,  G»C*6'tSn  FJLS. 

Tbb  Society  of  Sciences  of  Holland  at  Haarlem,  proposed  in  the  year  1844,  the 
following  prize  questions : —  , 

Ist.  To  point  out  by  accurate  investigation  of  the  different  coal-xneasnres,  whe* 
ther  the  beds  of  coal  derived  then-  origin  solely  from  the  vegetables  which  once  lived 
upon  their  present  locality,  or  whether  they  originated  from  plants  which  had  been 
floated  thither  from  other  places. 

2nd.  To  inquire  whether  different  coal  layers  have  had  a  different  origin. 
At  the  session  of  that  Society  of  the  23rd  of  May,  1846,  a  paper  sent  in  by  me 
was  honoured  with  both  prizes  :  the  suggester  of  the  questions.  Professor  Von  Breda, 
received  a  silver  medal. 

Regretting  very  much  that  I  am  unable  to  attend  the  present  meeting  of  the 
British  Association,  1  beg  to  submit  to  the  Society's  indulgent  criticism  some  ex- 
tracts from  the  before- mentioned  paper,  the  matenals  for  which  were  derived  from 
the  coal  formations  of  Silesia.  I  am  now  about  to  extend  this  inquiry,  at  the  re- 
quest of  the  Prussian  authorities,  to  the  other  coal  strata  situated  in  the  Rhenish 
provinces  of  Westphalia. 

Geologists  had  rarely  found  in  former  years  any  well-preserved  plants  in  the  coal 
itself,  and  had  inferred  its  composition  from  the  plants  that  lie  in  the  shale, 
&c.  associated  with  the  coal :  my  observations  in  Upper  and  Lower  Silesia  prove 
the  correctness  of  this  inference,  as  I  have  met  with  extended  coal  layers  in 
which  the  plants  iSigillaria,  Stigmaria,  Calamites,  Lepidodendra,  Noggtmihia)  are 
still  so  well  preserved  that  we  can  distinguish  with  the  naked  eye  the  individual  spe- 
cies. These  stems,  or  more  properly  their  barks,  lie  pressed  flat  one  upon  the  other, 
commonly  without  the  inner  parenchyma  (yet  sometimes  the  latter  is  preserved 
and  converted  into  coal),  in  such  a  manner  that  we  are  able  still  to  recognise,  under 
the  microscope,  the  cells  of  the  parenchyma.  Besides  this,  the  so-caUed  mineral 
charcoal,  or  fibrous  anthracite,  does  not  occur  here  in  single  little  fragments  as  it 
is  found  elsewhere  in  the  coal,  but  in  broad  compressed  stems  a  foot  lone,  which 
offer  the  structure  of  the  Araucarise  of  our  present  period  {Arauearifn  canonarims, 
mihi). 

According  to  the  predominance  of  one  or  the  other  genus  of  plants,  I  distinguish 
at  many  places  in  Upper  Silesia,  coal  of  Sigillaria,  Araucarian  coal,  and  Lepido- 
dendron  coal,  of  which  the  last  is  far  the  rarest. 

In  consequence  of  these  observations  I  can  now  give  a  very  simple  explanation 
of  the  way  in  which  coal  has  been  formed.  The  Sigillarin  (Stigmaria),  Lepido- 
dendreae,  Calamitee,  containing  a  softer  parenchyme,  soon  began  to  be  deoompoaed 
and  disaggregated  ;  but  when  this  process  of  decomposition  was  terminated,  by  early 
depositions  covering  the  vegetable  mass,  and  the  formation  of  coal  was  rendered 
possible,  the  Araucarise,  which  were  much  harder,  and  therefore  not  equally  ad- 
vanced in  decomposition,  were  introduced  into  the  mass  in  longer  fragments,  in 
which  the  ligneous  structure,  vi2.  the  parenchymatous  wood,  cells  and  medolkiy 
rays,  are  still  clearly  discernible  even  under  a  simple  lena.  By  a  more  detailed  re- 
search into  the  situations  which  are  occupied  by  all  the  species  of  plants  detected  in  the 
ooal  itself  (which  species  amount  to  eighty  in  number),  compared  with  thoee  plants 
which  occur  in  the  slate-clays  and  sandstonesof  the  Silesian  coal-pits  (which  produce 
about  four  millions  of  tons  a-year),  certain  positive  relations,  or  modes  of  distribu- 
tion, became  apparent,  such  as  could  not  be  overlooked.  I  observed  a  sepaiatioii 
into  groups,  or  the  consociated  occurrence  of  certain  species ;  the  failing  of  one 
species  and  the  substitution  of  another  of  the  same  genus  in  one  and  the  same  coal 
stratum ;  and  also  a  different  condition  of  the  vegetables  in  the  strata  superimposed 
one  on  another. 

Besides  this,  the  mode  of  preservation  of  the  fossil  plants  (ferns  with  flexible  but 
browned  leaflets,  &c.),  the  uniform  continuity  of  many  strata  with  the  same  thick- 
ness over  a  space  of  many  German  miles,  the  multitude  of  upright  stems,  of  whidi 
as  many  as  200  have  already  been  observed,  with  other  conditions  not  noticed  here, 
are  proofs  of  tmnnnn  deposition  over  the  present  localities. 


TRANSAOTIONS  OF  THB  SECTIONS.  51 

On  the  other  hand,  calculation  shows,  that  to  form  snch  thick  strata  of  coal  as 
occur  in  our  country  (to  the  thickness  of  from  thirty  to  sixty  feet),  the  plants  which 
could  grow  upon  the  same  area,  even  in  their  most  luxuriant  condition,  would  never 
have  sufficed.  I  therefore  cannot  but  suppose  that  a  large  part  of  our  layers  of 
coal  have  been  formed  after  the  manner  of  our  peat  moors,  during  a  long  course 
of  time ;  and  certainly  iu  the  humid  way,  as  I  have  formerly  attempted  to  show, 
and  as  I  have  more  recently  exemplified  satisfactorily  b^  experiments.  If,  for  in- 
stance, we  keep  vegetables  in  boiling  water  for  a  long  time  (for  three  months  to  a  ' 
year),  they  are  converted  into  brown  coal  (lignite),  and  they  acquire  at  last  a  totally 
black  coal- like  condition,  if  we  add  a  small  quantity  of  sulphate  of  iron,  in  the 
proportion  of  half  a  drachm  to  six  ounces  of  plants ;  no  one  will  doubt  that  this 
salt,  which  occurs  so  commonly  in  coal,  has  largely  cooperated  in  the  formation  of 
the  mineral. 

I  may  state  that  many  sphserosiderites  of  the  coal  have  been  produced  just  as 
our  marsh  iron  ores  (Limonite,  Rasenerz)  now  are. 

On  Sea  Water,  and  the  Effects  of  Variation  in  its  Currents, 
By  Prof.  FoRCRHAMMEB  of  Copenhagen. 

The  author,  referring  to  a  chemical  examination  of  sea  water  in  different  latitudes 
and  currents,  tried  to  show  the  influence  which  a  change  in  oceanic  currents  might 
have  had  upon  the  climate  of  the  North  of  Europe.  The  inqidries  of  Prof.  Steenstrup 
and  Lov^n  respecting  the  changes  in  the  forest- trees  and  marine  animals  indicated  a 
slow  increase  of  the  mean  temperature  of  Northern  Europe.  To  account  for  this.  Dr. 
Forcfahammer  supposed  the  British  Channel  to  have  been  closed,  and  a  polar  current  to 
have  passed  over  the  lower  partsof  Northern  Russia  into  the  BoUinianCiulf,  and  thence 
into  the  German  Ocean.    The  separation  of  England  from  France  was  supposed  to 
have  taken  place  in  recent  times ;  and  without  quoting  the  zoological  evidence  col- 
lected by  British  naturalists,  he  would  refer  to  physical  features,— such  as  the  va- 
rious changes  which  the  Rhine  and  the  Scheldt  suffer  at  their  mouUis,  and  which  even 
the  smallest  rivulet  on  the  western  shore  of  the  Cimbrian  Peninsula  undergoes. 
These  rivers  turn  their  mouths  towards  that  side  from  which  the  tide  comes,— one  ha^ 
ving,  in  historical  times,  changed  its  mouth  more  than  thirty  miles  to  the  south.  The 
mouth  •f  the  Rhine  has  been  known  for  about  2000  years ;  and  since  the  time  of 
the  Romans,  when  it  flowed  straight  towards  the  north,  where  at  present  the  Zuy- 
der  Zee  is,  it  has  been  seen  constantly  turning  towards  the  west.    From  this  change, 
be  inferred  a  change  in  the  direction  of  the  tide,  which  he  supposes  to  have  arrived 
formerly  at  the  coast  of  Holland  from  the  north,  instead  of  from  the  west,  as  at  pre- 
sent.   The  marshes  on  the  southern  and  eastern  sides  of  the  German  Ocean  become 
broader  in  proportion  as  they  approach  the  mouth  of  the  present  channel ;  a  circum- 
stance the  very  reverse  of  what  might  have  been  expected  under  present  circum- 
stances, since  the  clay  is  never  deposited  when  there  is  any  considerable  motion  in 
the  water.    On  the  contrary;  if  the  Channel  were  shut  up,  then  the  present  locsdity 
of  the  marshes  would  be  that  best  adapted  for  their  formation :  from  which  he  infers 
that  the  principal  marshes  were-  formed  before  the  opening  of  the  Channel.    The 
earliest  accounts  of  the  Channel  date  from  the  fourth  century  b.c,  and  at  the  time 
of  Alexander  the  Great  we  find  that  news  of  a  very  great  inundatioci  in  the  north- 
em  coontries  (the  Cimbrian  flood)  had  reached  Greece ;  and  a  tradition  still  ex- 
isting in  Jutland  connects  such  a  flood  with  the  opening  of  the  C3iannel.    Akmg 
all  the  western  part  of  the  Cimbrian  Peninsula  occurs  a  bed  of  pebbles,  and  in  some 
places  occur  rolled  pieces  of  the  clay  of  the  marshes,  which  must  be  ascribed  to  an 
inundation  washing  away  the  lighter  materials.  This  inundation  the  author  regards 
as  that  of  which  both  history  and  tradition  speak ;  and  he  thinks  it  was  occasioned 
by  the  first  opening  of  the  Channel.    These  changes  were  in  dose  connexion  with  a 
depression  of  the  greater  part  of  Northern  and  Western  Europe ;  which  u  indicated 
along  the  coasts  of  Denmark  and  England  by  submerged  forests  and  peat-mosses. 
On  the  shore  of  the  dukedom  of  Sleswig  a  tumukis  has  been  found  in  a  submerged 
forest ;  it  contained  knives  of  flint,  and  shows  that  the  subsidence  took  place  after 
the  country  was  inhabited.    The  continuous  elevation  of  the  North  of  Europe  would 
lead  to  thia  resQlt^-^that  the  White  Sea  would  flow  over  the  lower  parts  of  Rus^ih 
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and  Finland,  bringing  cold  water  and  masses  of  ice  into  the  German  Ocean*  which 
being  at  that  epoch  a  bay  receiving  waters  also  which  had  flowed  round  the  northern 
coast  of  Scotland,  must  have  been  materially  influenced  in  its  climate«  so  as  to  have 
been  colder  than  it  is  now.  _.««« 

On  the  Fishes  of  the  London  Clay,    By  M.  Agassiz. 

The  Professor  stated  that  since  his  last  report  the  number  of  species  known  from 
the  Paris  basin  increased ;  whilst  few  new  forms  had  been  obtained  in  the  London 
clay.     He  had  however  been  interested  in  the  examination  of  specimens  of  the  teeth 
of  the  saw-fish  {Pristis) ;  and  had  noticed  some  curious  changes  which  they  under- 
weot  during  the  growth  of  the  animal.    The  young  teeth  were  covered  vrith  enamel, 
and  had  a  notch  in  their  posterior  margin ;  whilst  in  old  tusks  the  bony  material 
alone  existed  and  the  margin  was  entire.    On  these  grounds  he  considered  the 
three  species  of  Pristis  described  by  Shaw  (P.  semi-sagittatus,  microdon  and  ciuiim- 
dattu)  as  constituting  in  reality  only  one.    Widely  as  these  teeth  differed  in  appear- 
ance from  the  flat,  pavement-like  teeth  of  the  Sting-rays  (MifUobatit),  their  micro- 
scopic structure  was  identical ;  and  Prof.  Miiller  of  Berlin  had  lately  shown  that 
the  Pristis  was  not  a  shark,  but  belonged  to  the  family  of  Rays.    The  Professor 
then  pointed  out  a  peculiarity  in  the  construction  of  the  ventral  fins  of  the  Medi- 
terranean Goby,  a  fish  which  fixes  itself  to  the  bottom  by  its  fins ;  that  act  also  like 
springs  in  enabling  the  fish  to  rise  from  the  bottom.     He  expected  soon  to  be  able 
not  only  to  discriminate  every  individual  bone  of  any  importance  in  the  skeleton  of 
a  fish,  but  also  to  distinguish  the  separate  fin  rays.     M.  Agassiz  then  made  some 
general  remarks  on  the  geographical  distribution  of  recent  fishes.    There  were  many 
families — of  which  the  flying-fish  {Exocatus)  was  an  example — ^which  were  foand 
equally  in  the  Indian,  Pacific,  and  Atlantic  Oceans.    Others,  like  the  Sharks  and 
Rays,  were  found  in  every  sea  from  the  Arctic  circle  to  the  tropics,  but  the  species 
differed  on  each  coast ;  wnilst  some  families  were  confined  to  the  Indian  seas,  and 
co-extensive  only  with  the  great  land  animals  of  that  region.    The  Goniodontes 
were  peculiar  to  the  freshwaters  of  South  America ;  bat  these  were  connected  with 
the  Ganoides  of  North  America ;  and  these  again  closely  allied  to  the  Sturgeon,  whose 
affinities  have  hitherto  been  little  understood.    We  have  here,  confined  to  the  New 
World,  all  the  representatives  of  an  6rder  widely  dispersed  over  the  ancient  strata. 
Looking  at  the  distribution  of  a  particular  species,  like  the  Silurus,  confined  to  the 
Danube,  Rhine,  and  a  few  other  freshwaters  of  Europe,  it  might  be  asked  by  what 
means  it  had  wandered  from  one  locality  to  another ;  to  which  he  would  reply  that 
these  freshwater  fish  must  have  been  created  in  the  very  streams  in  which  Uiey  now 
live,  and  in  the  same  proportion  as  now.    They  leave  the  egg  in  so  short  a  time,  that 
it  was  quite  impossible  they  should  be  transported  by  birds  or  otherwise.   The  fishes 
in  the  Paris  basin  appeared  to  have  Uved  on  a  coral  reef  or  rocky  bottom,  whilst 
those  of  the  London  clay  were  such  as  in  existing  seas  are  found  in  shallow  seas 
and  muddy  waters.  .^_« 

On  the  Artesian  Well  on  the  Southampton  Common, 
By  J.  R.  Keels,  M,R,CJ, 

It  will  be  seen  on  reference  to  the  map  that  Southampton  is  situated  aboat  the 
-middle  of  a  tertiary  basin,  and  in  its  geological  position  is  not  very  different  from 
London  or  P^ris.  The  supply  of  water  hitherto  obtained  has  chiefly  been  from 
private  wells :  almost  every  house  in  the  tovim  of  any  pretension  as  to  size  or  yalne 
has  one,  varying  in  depth  from  10  to  25  feet.  It  is  not  known  that  any  well 
in  the  town  exceeds  that  depth,  since  beyond  that  point,  in  most  parts  of  the 
town,  we  enter  the  bed  of  London  clay,  which  lies  under  the  whole  district.  There 
is  also  a  fluctuating  supply  obtained  from  the  Common,  about  a  mile-and-a-half 
or  two  miles  from  the  town.  The  extent  of  the  Common  is  about  360  acres^  and 
its  elevation  varies  from  100  to  200  feet  above  the  sea-level  of  the  town;  the 
quantity  of  water  got  from  this  quarter  has  been  gained  by  intersecting  the  Cooimou 
in  various  directions  by  drains  of  varying  depl£  from  10  to  20  feet:  the  "water 
thus  collected  flows  into  three  reservoirs,  from  whence  it  is  conveyed  into  the  town 
hj  iron  pipes.    This  supply  is  variable  according  to  the  aeason  j  in  the  winter 
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there  is  abandance ;  and  in  the  spring  it  affords  19*000  or  20,000  cubic  feet  per  diem : 
in  the  sommer  it  has  fallen  as  low  as  3600,  as  in  September  last.  Under  these 
circumstances  it  became  necessary  to  seek  for  a  larger  supply.  The  town  is  situ- 
ated on  a  tongue  of  land  with  the  rivers  Itchen  and  Test  on  each  side  discharging 
their  waters  into  the  estuary  called  the  Southampton  Water.  The  inhabitants 
would  gladly  have  availed  themselves  of  a  supply  from  the  waters  of  the  Itchen> 
but  the  late  owner  of  that  part  of  the  river  whidi  would  have  been  most  suitable 
for  this  purpose  would  not  grant  the  supply  but  upon  terms  that  were  unsatis- 
fiictory  to  the  rate- payers.  This  mode  of  supply  was  uerefore  abandoned ;  and  the 
greater  distance  of  the  River  Test  being  an  objection  on  account  of  the  expense  it 
would  have  entailed  upon  them,  it  was  also  given  up ;  the  commissioners  were  thus 
thrown  back  upon  their  own  resources,  and  determined  to  ascertain  the  practicabi- 
lity of  forming  an  Artesian  Well.  For  this  purpose  an  experimental  boring  was 
made  on  the  Common,  as  a  preliminary  step,  in  Nov.  1835,  and  was  continued  till 
the  chalk  formation  was  reached,  in  January  1836,  at  the  depth  of  480  feet. 

In  this  experiment  the  diluvial  gravel  and  sand,  and  upper  tertiary  strata,  over- 
lying the  London  day  were  found  to  be  about  80  feet  in  thickness,  the  bed  of  London 
day  about  300  feet,  and  the  plastic  dhiy,  resting  on  the  chalk,  another  100  feet ;  the 
boring  was  continued  50  feet  further,  when  it  having  been  reported  that  an  ample 
supply  of  water  was  to  be  found  at  that  depth,  an  act  of  parliament  was  soon  after 
obtained  for  providing  the  means  necessary ;  and  a  plan  having  been  fixed  on,  the 
undertaking  commenced  by.  sinking  an  iron  shield  made  in  segments,  which,  bolted 
together,  formed  as  a  whole  a  cylinder  of  13  feet  in  diameter ;  this  shield  the  con- 
tractor purposed  sinking  to  the  depth  of  160  feet,  and  from  that  point  to  bore  to 
the  depth  of  400  feet,  commencing  with  a  hole  of  30  inches,  diminishing  gradually, 
and  ending  with  one  of  20  inches  in  the  chalk  formation. 

The  work  began  in  July  1838.  Two  steam-engines  were  provided,  each  of 
twenty-horses  power.  The  estimate  and  contract  for  the  performance  of  the  work 
was  10,1802.,  for  which  the  contractor  undertook  to  supply  from  the  well  40,000 
cubic  feet  of  water  per  diem,  and  provided  four  gentlemen  as  securities  for  the  due 
performance  of  the  work.  A  spot  of  land,  near  where  the  experimental  boring  had 
been  made,  was  chosen  for  the  purpose,  being  about  150  feet  above  the  sea-level  of 
the  town. 

Soon  after  the  commencment  of  the  work  a  failure  took  place :  in  sinking  the 
iron  shield,  or  cylinder,  more  difficulty  was  found  than  had  been  anticipated. 
Upon  arriving  at  the  depth  of  60  feet  it  began  to  show  alarming  signs  of  weak- 
ness and  unfitness  for  supporting  the  enormous  pressure  it  had  to  sustain  ;  it 
had,  besides  this,  taken  an  oblique,  instead  of  a  vertical  direction,  llie  contractor 
was  therefore  obliged  to  suspend  his  proceedings,  and  have  recourse  to  other  means 
of  sustaining  the  pressure  on  the  cylinder  by  additional  supports  framed  within  it  of 
timber,  and  in  this  way  preventing  any  sudden  disruption  by  which  the  lives  of  the 
men  employed  on  the  work  might  have  been  sacrificed.  At  this  period  the  under- 
taking was  given  up  by  the  contractor,  and  the  four  gentlemen  who  had  been 
accepted  as  his  securities  were  compelled  to  go  on  with  the  work.  They  began 
by  repairing  the  shield,  which  had  been  broken  in  several  places,  and  having  ren- 
dered it  secure,  with  great  labour  and  expense,  a  cylinder  of  smaller  dimensions  was 
framed  within  the  old  one,  of  9  feet  10  inches  in  diameter,  formed  by  eight  tiers  of 
plates,  or  sections,  each  5  feet  in  depth,  and  f  ths  of  an  inch  in  thickness,  of  cast  iron. 
The  old  cylinder  being  first  supported  by  strong  chains,  the  new  one  was  forced 
down  through  the  sand  by  heavy  pressure  till  it  was  lowered  to  a  sufficient  depth, 
and  rendered  secure  by  resting  on  a  dome  of  brickwork,  built  under  it  by  under- 
pinning, in  sections  of  3  feet  at  a  time,  gradually  increasing  in  diameter  till  the 
original  diameter  of  the  shaft  was  again  attained.  The  shaft  was  then  carried 
down  in  solid  14  inch  brickwork,  set  in  Roman  cement.  At  the  depth  of  85  feet 
they  passed  through  a  solid  mass  of  very  hard  stone  full  of  black  water-worn 
pebbles,  and  loaded  with  shells  of  various  kinds,  characteristic  of  the  London  clay. 
On  the  1st  of  February  1840,  the  shaft  was  complete  to  the  depth  of  100  feet ;  t^ 
quantity  of  water  which  now  flowed  into  the  well  was  kept  under  by  two  pu^ 
and  estimated  at  about  4000  cubic  feet  per  diem.  April  2,  160  feet  of  the  shaf 
complete.    A  question  now  arose  as  to  future  proceedings :  the  original  pUu 
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to  fonn  a  shaft  of  13  feet  in  diameter  to  the  depth  of  160  feet,  and  Uioi  to  commeDce 
boring,  beginning  with  a  bore  hole  of  30  inches,  and  ending  with  one  of  20  inches 
at  the  depth  of  660  feet.  The  undertakers  now  proposed  to  continue  the  work  by  a 
shaft  of  7  feet  in  diameter,  carried  the  whole  way  into  the  chalk,  instead  of  boring 
as  originally  intended.  The  commissioners  acceded  to  this  alteration,  and  agreed 
to  share  the  additional  expense,  provided  the  contractors  would  have  a  shaft  of  larger 
dimensions  than  7  feet.  The  contractors  having  agreed  to  this  proposal,  it  was 
continued  onward  with  a  shaft  diminished  in  diameter  from  14  feet  to  1 1  feet  6  inches. 
At  this  period  of  the  work  the  candles  could  hardly  be  kept  lighted  in  the  well,  and 
they  were  obliged  to  have  an  air-tube  constructed  of  zinc,  with  a  pair  of  beUows 
attached,  worked  by  the  steam-engine,  for  the  purpose  of  ventilating  the  well. 

The  work  was  frequently  impeded  by  large  masses  of  stone,  full  of  shells 
and  rounded  pebbles,  which  had  to  be  raised  out  of  the  shaft ;  and  it  was  obaerred 
at  this  time,  on  looking  upwards  from  the  bottom,  that  the  shaft  was  filled  with  a 
dense  vapour  like  fog  or  steam,  and  it  was  thought  that  if  the  bellows  and  air-tabe 
had  not  been  employed  it  would  have  been  impossible  to  have  proceeded  with  the 
work. 

Some  of  the  beds  of  stone  occupied  a  space  of  6  feet  in  depth,  particularly  one 
from  174  to  180  feet  in  the  well.  The  work  however  still  proceeded,  and  on  the 
10th  of  September  the  shaft  was  214  feet.  It  was  then  rednced  to  10  feet  in 
diameter.  By  October  31st  270  feet  of  the  shaft  was  complete,  and  then  reduced 
to  8  feet  6  inches. 

It  was  the  custom  of  the  excavators  at  this  time  to  bore  onwards  sevenl  feet 
before  they  began  another  section ;  by  this  means  water  was  found  at  the  depth  of 
312  feet  in  considerable  quantity,  in  a  bed  of  sand,  which  obliged  them  to  discon- 
tinue the  shaft  in  brickwork  and  employ  iron  cylinders  :  by  this  means  the  inOux 
of  water  was  got  over,  and  the  work  advanced  slowly  till  it  had  attained  the  depth 
of  322  feet.  The  soil  having  again  become  more  solid,  the  shaft  was  again  resumed 
in  brickwork  of  7  feet  in  diameter.  At  this  depth  the  quantity  of  water  raised  by 
the  pumps  amounted  to  30,240  gallons  in  twenty- four  hours.  There  appears  to 
'have  been  no  peculiar  difficulty  in  proceeding  with  the  shaft  from  this  period. 

On  the  14th  of  August,  1841,  a  change  of  colour  was  perceived  in  the  soil,  and 
it  was  found  they  had  arrived  at  the  surface  of  the  plastic  clay,  being  380  feet  from 
the  top  of  the  well.  The  whole  bed  of  plastic  clay  was  then  passed  through  with 
no  other  difficulties  than  those  which  took  place  from  accidents  to  the  machinery : 
very  little  sand  and  no  water  was  found  in  that  formation. 

The  shaft  was  continued  onward  in  brickwork  of  7  feet  diameter  till  the  chalk 
was  reached,  on  the  8th  of  November.  The  workmen  were  then  employed  in 
finishing  the  brick  shaft,  which  was  canied  down  to  the  solid  chalk,  and  rested  3 
feet  below  its  surface.  The  excavation  was  then  continued  onward,  of  the  same 
diameter,  without  brickwork,  and  the  chalk  kept  fair  with  the  inside  face  of  the  shaft. 
On  the  4th  of  December  they  had  attained  the  depth  of  520  feet,  the  work  having 
been  carried  on  day  and  night.  The  quantity  of  water  which  now  flowed  into  the 
well  from  the  chalk  was  ascertained  to  be  about  3  gallons  a  minute. 

The  temperature  of  the  water  was  now  taken  at  the  bottom  of  the  well  and  foand 
to  range  between  61^  and  62*  of  Fahrenheit ;  the  temperature  of  water  at  the  sur- 
face was  44^ ;  the  atmosphere  of  the  well  at  50  feet,  was  54'';  at  160  feet  it  was  60* ; 
at  543  feet  it  was  65**. 

On  the  22nd  of  December  an  accident  happened  to  the  machinery,  and  the  work 
was  suspended  to  the  3rd  of  January,  1842  :  the  shaft  was  now  550  feet  deep. 

On  Friday,  March  4,  it  was  again  measured,  and  found  to  be  662|  feet  below 
the  surface  of  the  earth.  At  this  period,  the  pumping  having  been  discontinued  one 
week,  the  water  rose  400  feet  in  the  shaft,  which  amounted  in  quantity  to  21«67d 
cubic  feet.  The  well  was  now  of  the  depth  required,  but  the  quantity  of  water  was 
not  sufficient  for  the  full  performance  of  the  contract. 

The  town  being  in  great  want  of  water,  public  meetings  were  held,  and  great 
complaints  of  the  scarcity  were  continually  heard. 

The  contractors  finding  they  had  been  deceived  by  the  report  that  an  abundant 
supply  of  water  was  to  be  obtained  from  a  depth  much  less  than  that  to  which  they 
had  carried  the  work,  thought  it  best  that  the  shaft  should  be  carried  onstiil  farther^ 
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IM  being  the  best  mode  of  obtainiiig  the  qoantij^y  of  water  required.     They  there- 
fore maide  a  proposal  of  this  kind  to  the  commissioners,  which,  if  adopted,  would  in 
all  probability  have  been  successful  in  obtaining  the  quantity  of  water  required,  or 
have  led  to  the  plan  of  making  lateral  galleries  or  drift  ways  in  the  chalk,  and  fol- 
lowing up  any  indications  of  water  which  might  have  been  found,  as  was  afterwards 
suggested  by  Dr.  Buckiand.  The  commissioners,  however,  would  not  accede  to  the 
proposed  continuation  of  the  shaft,  and  upon  their  refusal  the  contractors  determined 
to  carry  it  no  further,  but  commeoce  boring.     They  therefore  purchased  the  im- 
plements necessary,  at  the  cost  of  lOOOl. ;  and  the  work  was  carried  on  from  a  stage 
fixed  about  40  feet  below  the  surface  of  the  well,  from  whence  the  boring-rod  was 
coadoeted  to  the  bottom  of  the  shaft  by  means  of  an  iron  tube  fixed  in  the  centre  of 
the  well.     By  this  means  the  operation  of  boring  was  carried  on  through  the  colunm 
of  water,  and  the  enormous  expense  which  they  had  hitherto  sustained  of  pump- 
ing day  and  night  was  saved.     The  commissioners  seem  not  to  have  been  prepared 
for  this  expedient-— expecting,  perhaps,  that  the  inhabitants  would  continue  to  re- 
ceive the  overflow  of  the  weU  while  the  work  was  in  progress  as  they  had  hitherto 
done,  free  of  expense ;  finding,  however,  this  was  not  to  be  the  case,  and  a  scarcity 
of  water  being  severely  felt  during  every  summer,  they  were  obliged  to  come  to  terms 
with  the  contractors  for  a  supply  of  water  from  the  well. 

In  the  meantime  the  operation  of  boring,  which  commenced  in  March  1842,  was 
carried  on  with  the  greatest  labour  and  perseverance  to  March  1844,  with  a  7i  inch 
auger,  and  other  tools  necessary  for  breaking  up  flints,  &c.  The  progress  of  the 
work  during  this  long  period  was  at  times  very  slow,  from  the  numerous  difficulties 
and  impediments  encountered.  It  would  be  occupying  too  much  time  to  relate  all 
the  misfortunes  they  met  with  from  the  breaking  of  their  boring-rods  and  other  ma- 
chinery, which  appear  to  have  been  quite  as  many  and  as  difficult  to  overcome  as  those 
encountered  by  the  fortunate  and  skilful  constructors  of  that  unrivalled  work  at 
Crenelle,  of  which  the  French  nation  may  well  be  proud.  It  will  be  sufficient 
to  say  that  all  have  been  surmounted  by  the  skill  and  ingenuity  of  Mr.  Docura 
and  Mr.  Joseph  Hill,  under  whose  management  the  boring  was  conducted,  and 
carried  to  the  depth  of  1260  feet.  After  the  commencement  and  during  the  con- 
tinuance of  this  operation,  the  quantity  of  water  was  found  to  increase  progressively, 
gradually  rising  in  the  shaft  to  much  higher  levels ;  and  at  the  time  the  boring  was 
suspended  in  1844  the  water  rose  to  wiUiin  40  feet  of  the  surface^  where  it  reached 
the  boring  stage*. 

Previous  to  the  commencement  of  the  boring  in  1842,  600,000  gallons  of  water 
per  month  were  raised  from  the  well  to  supply  the  inhabitants  when  the  scarcity 
of  water  became  very  pressing.  In  1844,  after  having  made  considerable  progress 
in  the  boring,  the  contractors  entered  into  a  ftuther  agreement  to  raise  from  the 
shaft;  1,200,000  gallons  per  month.  In  1845,  during  upwards  of  four  months' 
daily  pumping,  £e  delivery  of  water  was  at  the  rate  of  upwards  of  1,600,000  gal- 
lons per  month.  Alterations*  were  then  made  in  the  machinery  for  pumping, 
which  enabled  the  contractors  to  raise  the  water  from  a  much  greater  depth  in  the 
shaft,  and  the  result  was,  that  on  a  trial  of  eight  successive  days,  the  quantity  of 
water  raised  exceeded  725,000  gallons,  being  at  a  rate  of  upwards  of  2,500,000  gallons 
per  month.  When  the  pumping  was  stopped  in  November  1845,  it  was  found  that 
the  water  rose  rapidly  to  its  former  level,  viz.  40  feet  from  the  surface,  at  the  fol- 
lowing rate :— «t  120  feet  from  the  surface,  the  water  rose  2  feet  per  hour ;  at  130 
feet,  2  feet  4  inches ;  at  140  feet,  2  feet  7  inches ;  at  150  feet,  2  feet  10  inches. 

In  measuring  the  capacity  of  the  shaft  at  these  depths,  it  will  be  found  that  at 
120  feet  the  water  flows  into  the  well  at  the  rate  of  277  cubic  feet  per  hour ;  at 
130  feet,  at  the  rate  of  310  cubic  feet  per  hour ;  at  140  feet,  at  the  rate  of  343  cubic 
feet  per  hour ;  at  160  feet,  at  the  rate  of  376  cubic  feet  per  hour ;  and  so  on,  in- 
creasing 33  feet  every  10  feet  in  descending  the  well. 

•  Memoranda  recorded  by  Mr.  Joseph  Hill. — Previous  to  boring,  the  water-level  in  the 
well  was  57  feet  from  the  surface ;  since  the  boring  the  water  has  risen  to  40  feet,  being  an  f  n- 
crease  of  17  feet  in  the  water-level  of  the  well.  On  the  27th  of  July,  1845,  after  the  pumping 
was  suspended,  the  water  was  found  to  have  risen  68  feet  in  thirty-eight  hours.  184fi.-«'^^ 
the  28th  of  August,  the  pumping  having  been  stopped  at  the  depth  of  306  feet,  ir 
the  water  rose  in  ihe  well  to  225  feet,  being  81  feet  daring  that  space  of  time. 
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The  quantity  of  water  which  the  shaft  will  contain  below  the  present  water  Itvel 
IB  as  follows : — 

120  feet  at  13  feet  0  inches  diameter 15,927  cubic  feet. 

50  feet  at  11  feet  6  inches  diameter 5193  cubic  feet. 

50  feet  at  10  feet  0  inches  diameter 3927  cubic  feet. 

50  feet  at    8  feet  6  inches  diameter 2837  cubic  feet 

250  feet  at    7  feet  0  inches  diameter 9621  cubic  feet. 

520  Total 87,505 

In  conclusion,  the  question  we  have  now  to  settle  is»  whether  it  is  better  to  be 
content  with  the  well  in  its  present  condition,  or  continue  the  boring,  for  the  chance 
of  obtaining  a  larger  and  less  expensive  supply  from  the  greensand  formation. 
The  example  of  our  neighbours  on  the  other  side  of  the  channel  certainly  affords  as 
much  encouragement  to  proceed  with  the  work ;  but  we  have  not  sufficient  confi> 
dence  in  our  own  opinions  to  venture  on  such  a  step  without  the  advice  of  those 
whose  scientific  knowledge  and  better  judgement  we  are  most  anxious  to  obtain. 


On  the  Applicability  of  M.  Fauvelle's  Mode  of  Boring  Artesian  Welis  to  the 
Well  at  Southampton,  and  to  other  Wells,  and  to  Sinkings  for  Coal,  Salt  and 
other  Mineral  Beds.  By  the  Very  Rev.  W.  Buckland,  2)J>.»  Dean  of 
Westminster,  F.R.S. 

Dr.  Buckland  recommended  that  the  boring  on  Southampton  Common  should  be 
continued  by  M.  Fauvelle's  method.  He  stated  that  there  was  probability  of  ob. 
taining  a  more  abundant  supply  of  water  by  going  deeper  into  the  chalk ;  but  that 
it  would  rise  no  higher  in  the  shaft  than  the  level  of  the  nearest  outlet  at  Otter- 
bourne,  where  the  water  of  the  chalk  makes  its  escape.  From  the  observations  of 
Mr.  Clutterbuck,  it  appeared  that  the  water  stands  padually  higher  in  the  wells 
on  the  line  of  railroad  between  Southampton  and  Baamgstoke,  at  the  rate  of  about 
a  foot  higher  for  every  mile. 

The  water  in  the  greensand  beds  next  below  the  chalk  was  derived  from  rain  that 
falls  in  districts  where  these  sandy  strata  form  the  surface  of  the  country;  the  nearest 
of  these  surfaces  being  in  the  axis  of  the  Isle  of  Wight,  and  in  the  Vale  of  Peters- 
field,  and  the  Vale  of  Pusey.  From  these  three  districts  (unless  where  cut  off  by  a 
fault)  there  was  probably  a  subterraneous  passage  for  water  through  the  interstices 
of  the  upper  greensand  beds,  beneath  the  whole  of  the  Hampshire  basin,  this  water 
being  upheld  by  subjacent  impervious  beds  of  gault  clay.  The  height  to  which  this 
water  could  rise  through  a  hole  bored  in  the  chalk,  would  depend  on  the  levels  at 
which  the  springs  from  the  greensand  nearest  to  Southampton  find  their  issue. 
These  levels  should  be  ascertained,  especially  near  Petersfield. 


On  the  occurrence  of  Cypris  in  a  part  of  the  Tertiary  Freshtoater  Strata  of 
the  Isle  of  Wight,     By  Joseph  Prestwich,  Jun.^  F,G,S. 

Although  a  species  of  this  small  crustacean  abounds  in  the  tertiary  lacustrine  de- 
posits of  Auvergne,  and  is  not  uncommon  in  the  upper  beds  of  the  Paris  basin,  whilst 
lower  in  its  strata  M.  D'Archiac  quotes  a  new  species  in  the  '  Gres  de  Beauchamp,' 
and  the  Cypris  punctata  from  the  plastic  clay  or  lignite  group,  yet  it  is  extremely  rare 
in  the  English  tertiary  series.  In  the  London  basin  I  believe  that  no  freshwater  form 
of  it  has  been  found  ;  one  species  of  the  marine  form,  the  Cytherina,  has  been  met 
with  at  Highgate.  In  the  Hampshire  basin,  mention  is  made  by  Mr.  LyeU,  in  the 
third  volume  of  the  Transactions  of  the  6eolo|;ical  Society,  of  the  rare  occurrence  of 
an  undescribed,  and,  I  think,  a  tuberculated  species  in  the  freshwater  strata  at  Hordwell 
Cliff.  In  the  fine  sections  of  Alum  Bay,  Headon  Hill,  and  White  Cliff  Bay,  in  the  Isle 
of  Wight,  amongst  the  other  abundant  organic  remains,  I  never  detected  any  fossil 
Cyprides.  Having  lately  had  an  opportunity  of  making  a  hasty  visit  to  Hampstead 
Cliff,  about  1  i  mile  east  of  Yarmouth,  I  there  found  a  species  of  Cypris  in  considerable 
abundance.  The  cliff  being  composed  chiefly  of  beds  of  clay  and  marl,  forms  a  sur- 
face easily  acted  on  by  the  weather,  and  presents  Innumerable  slipe  and  prolonged 
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slopes  covered  with  thick  underwood^  rendering  good  clean  sections  extremely  scarce. 
In  fact,  at  present  only  two  or  three  small  openings,  where  the  succession  and  order 
of  the  strata  are  clearly  exhibited,  occur.  TTie  best  one  is  near  the  brow  of  the  cliff 
at  one  of  its  highest  points ;  it  presents  the  following  group : 

ThiekneM 
in  feet. 

10  tj'   .'  .^  .*     '  • ,    \''\  Sandy  flint  gravel. 

Greenish  grey  marl  with  a  few  Cjprena 
a  ohovata. 


2         ""j^  ^"^  "  ':*\'_I^"I.  M=I-t       I^wk  clay  full  of  Cyrena  obovata,  Pote- 
t&'''^3^^"~:^  ^--^-- ;^""«  E?         mide$  and  Melania, 

Laminated  dark  grey  and  brown  clay,  with 
8  large  Septaria  and  shells  in  patches. 

c        Cor&tt/a  common.  Impressions  of  plants. 

^—■^  d^  Clay  full  of  CarMa. 

Dark  grey  clay  with  Paludina  Unta,  Unio, 
Corbuia,  Mtlania  and  iVa/ica. 

^  Band  of  C/ntot. 

A  comminuted  mass  of  Cyrena,  Melania^ 
and  PotamideM, 

^'^  Bed  of  small  MtUuda^ 

Green  and  red  marls;  section  imperfect; 
probable  thickness  almost  25  feet;  few 
or  no  fossils. 


About  a  i  of  a  mile  further  west  this  last  bed  is  seen  to  repose  on 


Laminated  brown  and  grey  clay  with 
small  Melama ;  minute  bones  and  teeth. 


^  Brown  clay,  full  of  CyprU,  small  Mela-' 

k  nia,  and  seeds  of  plants. 

This  appears  to  repose  on  red  and  green  marls,  with  few  or  no  fossils,  and  at  the 
bottom  of  the  cliff  a  thin  band  of  ironstone  full  of  Paludina  lenta  crops  out. 

We  thus  have  in  the  lower  part  of  this  section  a  deposit  containiog  essentially 
freshwater  Testacea,  becoming  more  mixed  as  we  ascend,  with  shells  frequenting 
aestnacies.  Impressions  of  plants  are  not  uncommon,  and  seed  vessels  (of  the  same 
species  as  those  at  Tolland's  Bay)  are  found  in  abundance  in  stratum  k. 

It  is  a  singular  feature  in  this  group,  which  I  believe  to  form  the  upper  beds  of  the 
freshwater  formation  of  the  Isle  of  Wight,  that  a  large  proportion  of  the  species 
occurring  in  it  are  new ;  thus  the  two  characteristic  fossils  are  a  species  of  the  Po- 
tamidea  and  one  of  Melania,  neither  of  which  do  I  find  described.  The  Cypris  also 
is  peculiar  to  this  locality.  It  is  distinctiy  different  from  the  Cypris  f aba,  neither  is 
it  tuberculated.  Some  very  small  vertebrae  and  bones  are  far  from  rare.  Professor 
Sedgwick,  as  far  back  as  1818,  described  in  the  '  Annals  of  Philosophy'  the  peculiar 
mixed  freshwater  and  sestuary  character  of  the  strata  in  this  locality.  Since  then 
they  have  not  been  much  noticed.  I  hope  that  they  will  now  be  more  closely  ex- 
amined, for  I  have  little  doubt  but  that,  from  the  peculiarity  of  conditions,  they 
will  yield  an  interesting  series  of  organic  remains.  I  have  merely  time  to  point 
them  out. 
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In  a  note  in  the  last  number  of  the  '  Jounuil  of  £he  Geological  Society/  I  alluded 
to  the  discovery  by  Mr.  Pratt  of  impressions  of  plants  in  a  stratum  which  I  believed 
to  cortespond  with  No.  17  in  the  Alum  Bay  section.  This  I  can  now  confirm^  and 
testify  to  their  great  abundance  and  beautiful  state  of  preservation,  but  from  their 
light  colour  (being  nearly  that  of  the  clay)  they  were  long  overlooked. 

With  regard  to  Heado'n  Hill,  I  regretted  to  find  its  cliffs  so  fallen  down  and  its 
fine  sections  comparatively  so  obscure ;  still  the  interpolated  marine  beds,  Nos.  56  to 
60,  can  easily  be  traced  at  intervals.  The  fossils  of  these  beds  can  now  be  best  pro- 
cured at  the  eastern  extremity  of  the  hill.  At  Colwell  Bay  however  the  section 
continues  extremely  well  exposed  and  full  of  interest. 


On  the  Arrangement  and  Nomenclature  of  some  of  the  Subcretaceous  Strata. 

By  W.  H.  FiTTON,  M.D„  F.R.S. 

This  communication  included  a  summary  of  the  latest  inquiries  on  the  strata  im- 
mediately beneath  the  chalk  in  England ;  with  a  table  of  the  fossils  (connected  with 
a  paper  previously  read  before  the  Geological  Society  of  London),  from  a  new  col- 
lection made  by  the  author  in  the  cliffs  near  Atherfield,  in  the  Isle  of  Wight,  from 
the  gault  down  to  the  Weald  clay.  The  specimens  were  named  by  Mr.  Morris,  and 
compared  with  the  series  in  the  Geological  Society's  Museum  catalogued  by  Professor 
Edward  Forbes.  This  tabulated  arrangement  exhibits  about  150  species,  in  their 
true  places ;  so  that  numerous  results  can  be  obtained  from  it,  respecting  their  re- 
lative positions  and  distribution  in  the  series  of  strata.  1.  The  accumulation  of 
species  in  the  lower  part  of  the  section  is  very  remarkable  ;  about  130  of  the  total 
number  originating  within  150  feet  from  the  bottom,  while  not  more  than  twenty 
other  species  originate  in  the  remaining  portion ;  the  thickness  of  the  entire  section 
being  800  feet.  The  absolute  numbers  also  of  shells  diminishes  rapidly  upwards,  and 
in  the  strata  near  the  top  of  the  section  in  this  part  of  the  Isle  of  Wight,  even  in- 
dications of  fossils  are  rare ;  though  near  Shanklin,  and  near  Folkstone  in  Kent,  the 
fossils  of  the  corresponding  beds  are  more  numerous  and  distinct.  3.  These  and 
other  facts  indicate  the  existence  of  only  one  series  of  fossils,  throughout  a  period  of 
continuous  but  unequal  deposition, — the  gault,  with  its  peculiar  and  characteristic 
fossils,  being  immediately  above, — a  result  which  perfectly  accords  with  the  view 
taken  by  Professor  Forbes,  in  a  paper  published  by  himself  and  Captain  Ibbetson, 
in  the  'Geological  Journal'  (vol.  i.).  3.  The  upper  and  less  fossiliferous  portion  of 
the  section  here,  is  distinguished,  if  not  separated,  from  the  lower  beds  by  the  pre- 
sence of  a  very  remarkable  group  of  ferruginous  concretional  bands,  which  occurs  in 
a  corresponding  place,  at  Horse-ledge,  west  of  Shanklin  Chine ;  at  Parham  Park,  in 
Sussex ;  and  at  Sandgate,  in  Kent :  including  in  all  those  places  the  same  fossils, 
Thetia,  GerviUiap  THgonia,  Rottellaria,  &c.  4.  From  the  general  mode  of  distribation 
of  the  species,  as  above  described,  and  the  great  variation  in  the  components  and 
proportion  of  the  beds  which  form  the  sections  of  the  lower  greensand  in  different 
places,  it  may  be  inferred  that  subdivisions,  founded  on  the  occurrence,  or  grouping 
of  the  species,  cannot  be  expected  to  be  either  generally  prevalent  or  very  precise. 
5.  The  remarkable  deposit  of  Neufchatel  (Tbratn  N^ocomien)  appears  to  be  tiie 
equivalent  of  the  lower  part  only  of  the  section  near  Atherfield,  the  upper  divisions 
being  wanting  at  the  former  place.  In  most  of  the  published  sections  of  the  sub- 
cretaceous groups  in  France  and  other  places,  an  upper  division  or  series  of  strata, 
like  this  of  tihe  English  coast,  is  likewise  found,  under  the  names  ofiobles  vert$,  asUe 
ferrugineux,  jaune,  &c.  The  Atherfield  section,  therefore,  includes  the  TVirain  N^ 
comien,  with  the  addition  of  the  group  last  mentioned,  which  at  Blackgang  Chine  is 
not  less  than  250  feet  in  thickness.    ^,^__.^ 

Captain  Ibbetson  and  Prof.  Forbes  exhibited  models  and  sections  of  various  parts 
of  the  Isle  of  Wight,  and  pointed  out  the  localities  and  geological  fSeatures  most  in- 
teresting to  visitors.  ,«....«_^ 

Sir  R.  I.  Murchison  presented,  on  the  part  of  Dr.  Man  tell,  a  Geological  Map  of 
the  Isle  of  Wight,  imd  the  preliminary  pages  of  a  work  devoted  to  the  description  of 
the  island. 
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Om  eertam  DeviaH&M  of  the  Plumb-line  from  its  Mean  Direction,  ae  obeerved 
in  the  neighbourhood  of  Shanklin  Downy  in  the  Isle  of  Wight,  during  the 
progress  of  the  Ordnance  Survey.     By  W.  Hopkins,  F.R.S. 

The  difference  of  latitude  between  Greenwich  and  the  station  of  the  Ordnance  sur- 
veyors at  Dunnose,  on  the  north  side  of  Shanklin  Down,  as  determined  by  triangu- 
lation,  was  greater  by  2*22  seconds  than  as  determined  by  zenith  sector  observations* 
When,  however,  a  new  station  was  chosen  on  the  south  side  of  Shanklin  Down,  the 
difference  of  latitude,  as  determined  by  triangulation,  was  less  by  3*09  seconds  than 
it  appeared  to  be  when  determined  by  the  zenith  sector.  These  discrepancies  would 
be  accounted  for,  if  the  mass  intervening  between  the  stations  at  Shanklin  Down 
were  sufficient  to  produce,  by  its  attraction  on  the  plumb-line,  the  observed  devia- 
tions. The  requisite  calculations  for  proving  the  adequacy  of  this  cause  had  not 
been  made ;  the  tendency,  however,  would  necessarily  be  to  produce  effects  of  the 
same  nature  as  those  observed ;  and  the  author  thoaght  it  probable  that  the  intensity 
of  the  attraction  of  the  hill  would  be  found  sufficient  to  account  for  the  phsno- 
mena.  ■«_»^«. 

On  Railway  Sections  made  on  the  Line  of  the  Great  Western  Railway,  between 

Bristol  and  Taunton.     By  W.  Sanob&s,  F.G.S. 

The  general  section  is  made  to  the  scale  of  38  inches  to  the  mile,  or  1  to  lOlM)  i 
extending  over  a  length  of  45  miles.  The  colours  are  those  of  the  Ordnance  Survey. 

In  four  places  the  sections  are  enlarged  fourfold,  or  40  feet  to  the  inch ;  and  Aill 
details  are  given  on  the  scale  of  4  feet  to  the  inch.  The  colours  of  the  Ordnance 
Sorvey  are  taken  as  a  basis,  and  others  are  introduced  to  describe  local  facts.  The 
railway  passes  first  through  the  junction  beds  of  red  marl  and  lias ;  then  for  six 
or  seven  miles  through  new  red  sandstone,  interrupted  only  at  one  place,  where 
a  tunnel,  324  feet  in  length,  pierces  the  upper  beds  of  the  carboniferous  limestone ; 
then  for  about  twelve  miles  chiefly  over  alluvial  tracts,  separated  by  cuttings  of  new 
red.  sandstone  beds,  also  touching  the  southern  margin  of  the  Nailaea  coal-field. 
At  twenty-one  miles  occurs  the  Uphill  cutting,  passing  through  new  red  sandstone 
and  lias,  and  then  carboniferous  limestone,  at  the  base  of  which  is  seen  some  masses 
of  trappean  rock.  The  railway  is  then  carried  along  an  alluvial  plain  of  seventeen 
miles  in  length,  interrupted  only  in  one  place,  at  three  miles  north  of  Bridgewater^ 
by  a  deep  cutting  through  new  red  marls  and  lias  at  Puriton.  From  the  termina- 
tion of  uie  alluvial  tract  to  Taunton,  the  course  is  over  a  moderately  level  country 
of  new  red  sandstone,  and  little  occurs  to  attract  the  attention  of  the  geologist  ex- 
cept the  occasional  appearance  of  diluvial  gravel,  which  is  seen  to  contain  an  in- 
creasing proportion  of  the  killas  as  the  observer  approaches  Taunton.  There  are 
four  enlarged  drawings. 

It  is  desirable  to  notice  first,  that  called  the  Ashton  cutting,  where  the  carboni- 
ferous beds  are  displayed  in  three  places.  Over  the  two  smaller  masses  and  on  the 
sides  of  the  larger  one  are  seen  the  usual  boulder  conglomerate,  consisting  of  large 
and  small  fragments  of  limestone,  partially  water- worn,  cemented  by  the  ordinary 
red  clay.  As  the  superincumbent  strata  are  carried  over  the  two  small  masses  of 
limestone^  and  apparently  tend  to  ascend  over  the  rock  at  the  tunnel,  it  might  be 
supposed  that  a  local  elevation  had  taken  place  subsequent  to  the  deposit  of  the  new 
red  sandstones.  This  mny  have  been  the  case,  but  the  inclination  and  curving  of 
the  beds  may  have  been  original ;  and  I  incline  to  this  opinion,  since,  on  the  pre* 
sumption  of  the  limestone  having  been  elevated  by  violent  force  arising  from  igneous 
action,  the  conglomerate  adjoining  the  limestone  would  have  been  pierced  and  thrust 
aside,  and  greater  displacement  manifested  in  the  marly  clays  above. 

At  the  Uphill  section  the  evidence  differs :  here  not  only  are  violent  dislocations 
of  the  red  marls  and  lias  produced,  so  that  the  lias  beds  dip  at  an  angle  of  70^  or 
more  towards  the  plane  of  intersection  between  the  lias  and  the  limestone,  which 
plane  itself  dips  in  the  same  direction ;  but,  in  addition,  the  igneous  rock  appears  in 
full  force ;  and  it  clearly  bears  relation  not  only  to  the  fault,  which  brings  into  juxta- 
position the  limestone  and  lias,  but  to  an  extensive  fault  in  the  limestone  itself,  by 
which  the  whole  series  of  beds  on  one  side  differs  from  that  on  the  other. 

On  the  nature  of  the  trap  rock  and  its  metamorphic  influence  on  the  limes*^ 
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the  Rev.  D.  Williams  of  Bleadon  has  sent  to  the  (xeological  Society  papers  which 
have  been  published  in  their  Tolame  of  Proceedings ;  my  own  view  differs  very  ma- 
terially from  that  of  Mr.  Williams,  and  I  prefer  making  no  further  remark  on  this 
matter. 

I  pass  on  to  the  new  red  sandstone.  The  first  section  at  Pylle-hill  traverses  the 
upper  part  of  the  red  and  pale-blue  marls.  Here  the  stratum  containing  the  stron- 
tian  nodules  is  displayed,  and  at  this  spot  were  found  those  beautiful  crystallizations 
of  strontian,  specimens  of  which  may  be  seen  in  many  mineralogical  collections  of 
this  country ;  the  crystals  being  not  only  remarkably  large,  but  presenting  modifi- 
cations highly  interesting  to  the  cr}'stallographer.  The  Ashton  cutting  does  not 
touch  the  red  marls,  but  is  limited  entirely  to  the  sandstones  beneath  the  marls. 
On  the  drawing  the  layers  of  stone  are  marked  with  dark-red  lines,  and  the  detailed 
description  also  inserted.  The  Uphill  and  Puriton  sections  show  the  red  and  blue 
marls ;  and  the  only  remark  at  present  necessary  is,  that  in  the  Uphill  section  the 
strontian  and  gypsum  of  other  localities  are  here  replaced  by  nodular  cavernous  con- 
cretions of  minute  crystals  of  carbonate  of  lime. 

I  now  proceed  to  the  consideration  of  the  lias  strata :  the  lower  divisions  of  the 
lias  are  seen  in  three  of  the  sections.  The  general  features  of  the  Pylle-hiU  and 
Uphill  sections  are  the  same,  and  the  organic  remains  usually  accompanying  these 
beds  are  found  in  each.  In  the  Puriton  section  the  corresponding  beds  are  ex- 
panded to  a  much  greater  thickness  than  any  other  with  which  I  am  acquainted  in 
the  Bristol  district.  Very  few  fossils  have  been  obtained  on  this  spot,  and  the  shaly 
clays  intervening  between  the  limestones  are  so  thickened  and  are  so  uniform  in 
composition,  that  the  symmetrical  structure  of  the  mass  causes  the  face  of  the  cliff 
to  present  a  series  of  very  smooth  divisional  planes  in  two  sets,  the  direction  and  dip 
of  which  are  set  forth  in  the  details  of  the  section.  ^ 

I  am  unvdlling  to  close  these  remarks  without  adverting  to  the  classification  which 
M.  Agassiz  has  adopted  for  the  position  of  the  bone-bed  of  the  Aust  cliff.  By  thia 
naturalist,  and  by  other  eminent  persons  also,  the  Aust  bone-bed  is  classed  as  a  part 
of  the  Triassic  series,  in  consequence  of  the  presence  in  each  of  the  same  spedea  of 
fishes.  The  facts  I  wish  to  state,  bearing  on  this  question,  are  these  :  the  strata 
of  the  lias,  which  are  beneath  the  white  lias  limestones,  of  which  lower  division  the 
Gotham  marble  forms  the  upper  bed  and  the  bone-bed  the  lowest,  were  deemed  by 
Mr.  Conybeare  sufficiently  characterbtic  as  a  group  of  sedimentary  deposits,  irre* 
spective  of  its  organic  contents,  to  merit  a  distinguishing  name — the  lower  marls. 

This  group  then  contains  throughout  its  whole  extent  the  same,  or  apparently 
the  same,  fish-scales  and  fish-teeth  as  are  preserved  in  the  bone-bed.  Besides  the 
occasional  occurrence  of  such  relics  in  the  clays  of  this  group,  there  are  in  the  Aust 
cliff  three  calcareous  layers  above  the  bone-bed  containing  these  remains  abun* 
dantly.  In  the  Pylle-hiU  and  Uphill  strata  occur  the  same  number  of  such  beds, 
and  tne  latter  section  affords  but  a  poor  equivalent  of  the  bone-bed.  In  the  Puriton 
sections  there  is  one,  and  probably  more  than  one  calcareous  stratum  yielding  fish- 
scales,  and  the  bone-bed  is  very  faintly  exhibited.  Further  I  am  not  aware  of  these 
remains  above  the  Gotham  marble.  There  is  also  a  Pecten  peculiar  to  this  group, 
but  I  cannot  state  the  species,  as  I  believe  it  to  be  undescribed.  Shoo  Id  any  one  be 
disposed  to  connect  the  whole  group  of  lower  marls  with  the  bone-bed  and  remove 
them  from  the  lias,  there  would  arise  this  objection  :  the  Gotham  bed,  the  highest 
limit  of  the  lower  marls,  contains  not  only  the  fish-scales,  but  insects  of  the  same  spe- 
cies as  are  found  in  the  white  limestones  above,  and  the  same  likewise  as  were  found 
by  Mr.  Edmund  Higgins  of  Glifton  at  Aust,  at  a  distance  of  only  ten  feet  above  the 
bone-bed.  Moreover,  Mr.  Higgins  has  discovered  the  Gypris  with  plants  in  the 
white  limestones  in  association  with  the  eljrtra  of  insects,  and  a  few  weeks  ago  I  dis- 
covered in  the  Pylle-hill  cutting,  in  the  midst  of  the  lower  marls,  the  Gypris  with 
the  plant  Naiadite$  Umceolata,  I  am  therefore  inclined  to  think  that  the  whole 
group  of  strata,  including  the  Gotham  marble  above  and  the  bone-bed  at  the  base, 
should  be  treated  as  a  subordinate  member  of  the  lias  formation,  and  that  no  portion 
of  the  same  should  be  considered  as  an  equivalent  of  any  part  of  the  Triassic  group. 
The  decision  of  the  question  must  however  depend  upon  a  much  closer  examination 
of  the  organic  contents  than  I  have  been  able  to  devote  to  them. 


« 
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On  three  Sections  of  the  Oolitic  Formations  on  the  Great  Western  Railway,  at 
the  West  End  ofSapperton  T\Mnel.    By  Captain  Ibbetson,  F.  G.S. 

The  aalhor  presented  a  short  communication  to  accompany  three  detailed  sections, 
surveyed  by  the  author  for  the  Geological  Survey  of  Great  Britain,  for  the  purpose  of 
showmg  the  continuation  of  strata  described  by  Mr.  Lonsdale,  and  m  the  '  Geology 
of  Cheltenham,'  by  Sir  R.  I.  Murchison,  by  Mr.  Buckmanand  Mr.  Strickland. 

The  section  at  tne  mouth  of  the  tunnel  shows  the  great  oolite,  fuller's  earth,  and 
the  upper  rag  of  the  inferior  oolite,  which  contain  three  remarkable  strata ;  viz.  a  zone 
two  feet  thick,  consisting  of  a  mass  of  TW^emta  costata,  and  another  species  of  Tri- 
gonia  angulata,  &c. ;  the  second,  composed  of  GrypKaa  cymbium,  &c. ;  and  the  third 
an  immense  quantity  of  Terebratula,  particuhirly  T,  fimbria.  The  beds  were  noticed 
by  Mr.  Lonsdale  as  being  found  at  Witcombe  Hill  near  Bath,  and  by  Mr.  Buckman 
as  occurring  in  the  Llneover  section.  The  only  lithological  difference  between  the 
Sapperton  sections  and  the  Lineover  section  is,  that  the  thin  bed  of  fossiliferous 
clay  at  Lineover  b  at  Sapperton  a  very  hard  grit,  crystalline,  and  a  mass  of  com- 
minuted fossils.  The  second  section  contains  the  upper  rag  of  the  inferior  oolite, 
with  the  three  zones  above-mentioned ;  and  the  third  the  upper  and  lower  rags  of 
the  inferior  oolite,  separated  by  a  mass  of  soft  freestone  split  obliquely,  very  cry- 
stalline, and  full  of  comminuted  fossib. 


On  the  Age  of  the  Silurian  Limestone  of  Hag  Head,  near  Barr  Beacon^  in 

Staffordshire.    By  James  Buckmak,  F,G.8. 

The  limestone  rocks  and  shale  of  Hay  Head,  celebrated  as  the  original  locality 
from  whence  was  obtained  the  Barr  Trilobite  {Bunuutus  barriensit),  were  referred 
by  Sir  E.  L  Murchbon  to  the  Wenlock  series  of  the  upper  Silurian  system.  Thb 
opinion  having  been  doubted  by  Burmeister,  who  places  the  Barr  Trilobite  in  the 
lower  Silurian  division,  Mr.  Buckman  commenced  an  examination  of  all  the  fossib 
associated  with  that  species  at  Hay  Head.  Of  the  fifty-six  species  there  obtained, 
fifty- three  belong  exclusively  to  the  upper  Silurian  beds,  and  have  also  been  found  in 
the  Wenlock  series  of  Dudley ;  whilst  only  one,  and  that  a  doubtful  species,  can  be 
referred  to  a  lower  bed.  The  author  hence  concludes  that  Sir  R.  L  Murchison's 
sections  and  notes  upon  this  locality  are  correct ;  though  he  considers  it  probable 
that  a  seam  of  the  coal  measures  occupies  a  small  tract  in  the  valley  between  Hay 
Head  and  the  town  of  Walsall.  __^ 

Notice  of  the  Discovery  of  a  new  Species  of  Hypanthocrinite  in  the  Upper 

Silurian  Strata.    By  James  Buckman,  F.G.S. 

The  genus  Hvpanthocrinites  of  Phillips,  of  which  a  single  species  was  known  to 
Sir  R.  L  Murchison,  and  b  figured  in  the  '  Silurian  System'  under  the  name  of  Hy- 
panthocrinites  decoru9,  pi.  17,  f.  3,  is  in  itself  so  remarkable,  and  presents  such  pecu- 
liarities of  structure,  that  any  addition  to  the  list  of  species  cannot  be  considered 
otherwise  than  interesting  to  the  fossil  zoologbt.  Through  the  kindness  of  Angus* 
tus  Lewb,  Esq.  of  Wolverhampton,  to  whom  the  dbcovery  is  due,  Mr*  Buckman 
b  permitted  to  lay  a  beautiful  and  unique  specimen  of  a  new  species  before  the 
Geological  Section  of  the  Association. 

From  the  specimen  itself,  and  from  an  enlarged  drawing  which  he  has  made  of 
it,  as  well  as  of  the  previously  known  species,  there  b  no  difficulty  in  making  out 
the  following  dbtinctive  characters  *.  Hypanthocrinites  granukUuM,  Lewb's  MSS. 
Head  large,  obtusely  conical,  apex  surmounted  by  a  small  proboscis.  Inter-digital 
ribs  square  on  their  outer  margins,  which  are  dotted  by  minute  granulations ;  these 
are  terminated  by  smooth  plates,  concave  on  their  outer  surfaces.  Fingeri  like  those 
of  the  H,  decorus,  but  larger.   Body  and  columns  absent. 

Thb  species  therefore  differs  from  the  H.  decorus  in  being  of  a  much  larger  size, 
with  a  more  obtuse  apex ;  in  its  small  proboscb,  which  is  only  about  one-fourth 
the  size  of  that  of  the  smaller  species ;  in  its  ribs  being  fiat  externally  instead  of 
convex ;  and  in  these  again  being  granulated,  whilst  in  the  H.  decorus  they  are  smooth: 
the  ribs  in  the  last-mentioned  species  are  surmounted  by  large  tvhercular  plates, 
whibt  these  are  narrow  and  concaoe  in  the  new  specimen. 
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The  specimen  described  was  discovered  in  the  shale  between  Hay  Head  and 
Walsall,  which  is  now  being  cut  through  for  a  canal,  and  is  the  only  example  that 
has  yet  been  obtained  of  this  very  fine  and  remarkable  fossil. 

Mr.  James  Yates  exhibited  a  series  of  specimens  of  Zamia  Oigas  (Lindley's  Fossil 
Flora,  iii.  166),  from  Ranswick,  near  Whitby,  and  offered  some  observations  on 
the  i^pparent  structure  and  connection  of  the  several  parts  of  the  plant. 


On  the  Mushet  Band,  comnumly  called  the  Black-band  Ironstone  q/*  Ae 
Coed-field  o^  ScoUand.    By  Robert  Bald. 

This  band  of  ironstone  was  discovered,  about  forty  years  ago,  by  Mr.  David 
Mnshet,  of  the  Calder  Iron -works,  near  Glasgow.  It  had  been  frequently  passed 
through,  but  was  thrown  away  as  rubbish  till  Mr.  Mushet  ascertained  its  value, 
when  extensive  mines  were  opened  for  working  it.  Two  bands  of  this  ironstone  are 
found  in  the  great  coal-fields  of  Lanark, — one  fourteen  inches  thick ;  the  other, 
which  is  seventy-three  fathoms  lower,  is  sixteen  inches  thick.  The  ironstone  of 
the  Mushet  band  is  much  more  easily  reducible  than  the  ordinary  clay  ironstone, 
and  requires  less  fuel.  In  Scotland  it  appears  to  be  co-extensive  with  the  coal  for- 
mation. In  South  Wales  also  it  is  found ;  but  there  is  little  of  it  in  England  or 
Ireland.  Fifty  years  ago  there  were  only  five  iron-works  in  Scotland,  comprising 
about  fifteen  blast  furnaces,  which,  together,  produced  640  tons  of  iron  per  week. 
There  are  now  100  blast  furnaces  in  action,  which  produce  12,000  tons  per  week, 
or  624,000  tons  in  the  year,  the  value  of  which,  at  £3  per  ton,  is  £1,872,000. 
Hiis  great  increase  Mr.  Bald  attributed  to  the  discovery  of  tl^e  Mushet  ironstone, 
and  to  the  introduction  of  the  hot-blast.  He  also  mentioned  that  Mr.  Mushet, 
who  is  now  in  his  seventieth  year,  has  published  a  volume  on  the  manufiictore  of 
iron,  containing  an  analysis  of  every  ironstone  and  ore  he  could  obtain ;  and  he 
trusted  his  labours  woula,  at  least,  be  recognized  in  scientific  societies,  although  the 
pecuniary  advantage  arising  from  his  discoveries  had  fallen  into  other  hands. 

On  the  Extent  of  the  Nortltwkh  Saltfield. 
By  G.  Wareikg  Ormbrod,  M^.,  F.G.S* 

Hie  prevailing  direction  of  the  faults  in  the  coal-field  of  South  Lancaahirs  ap- 
proaches to  the  magnetic  north  and  south.  Of  those  faults  some  extend  to  the  new 
red  sandstone  of  Cheshire,  under  which  they  probably  pass ;  others  can  be  traced 
across  the  new  red  sandstone.  Of  the  last,  one  passes  in  a  magnetic  north  and 
south  direction  through  the  coal-field  of  Lancashire,  by  the  west  of  Wrightington 
and  Haydock -lodge,  and  Warrington.  Here  it  enters  on  the  new  red  sandstone  of 
Cheshire,  and  passes  by  the  west  of  Hill  Cliff  and  Northwich,  forming  the  soatli- 
weatern  boundary  of  the  Northwich  salt-field.  At  Barntoo  and  HarSbrd  to  the 
weet  of  this  line  of  fault  rock-salt  has  not  been  discovered,  though  sunk  for  to  the 
depths  of  300  and  400  feet  respectively.  At  Northwich,  to  the  ea^t  of  the  linc^  rock* 
salt  occurs,  aa  shown  in  the  following  section. 

Feet  Indus.         Fec(. 
To  upper  salt,  about 87      0 

l^er  sai/,  from     80  0     to     90 

Hard  clay 30  0 

Second  $alt,  (torn    96  0  to  +  117 

Stone   5  8 

Salt  and  clay 6  7 

Pale  red  telt    3  4   . 

Stone  with  thin  laminae  of  salt • 13  9 

Pale  red  salt    6  0 

Stone  with  veins  of  salt • 7  6 

Lowest  bed  of  salt  reached 11  6 

Stone   77  0 

Stone  with  detached  crystals  of  salt 9  0 

Stone  with  salt  between  laminse   II  0 

This  fault  is  continued  between  Middlewich  and  Winsford.    At  MIddlewich  the 


TBAN8ACTION8  OW  THB  SECTIONS.  63 

strata  have  beeo  penetrated  to  214  feet  below  aea-level  without  finding  rock-salt. 
The  brine  rises  there  to  a  height  of  about  130  feet  above  sea-level ;  whilst  at  Wins- 
ford  rock-salt  beds^  similar  (as  far  as  worked)  to  those  at  Northwich«  occur  at  a 
depth  to  the  upper  bed  of  from  90  to  120  feet  below  sea-level.  The  brine  rises 
there  to  a  height  of  about  twenty-five  feet  above  sea-level.  The  line  thence  passes 
into  Staffordshire^  near  Whitmore. 

A  fault  ranging  from  south-west  to  north-east,  passes  by  the  north-west  of  the 
Peckforton  hills  across  Delamore  Forest,  by  the  north-west  of  Northwich,  dividing 
that  salt  from  the  easterly  ends  of  the  Waterstone,  or  lower  beds  of  the  keuper,  and 
thence  to  the  east  of  Timperley.  The  north-east  boundary  of  the  North wich  salt 
was  not  determined.  The  south-east  is  formed  by  a  line  parallel  to  the  north-west 
side,  about  1300  yards  distant  therefrom. 

Within  this  area  frequent  subsidences  of  the  land  take  place.  From  this  cause 
the  locks  on  and  the  banks  of  the  Weever  have  been  here  raised.  The  land  where  a 
factory  stood,  near  Northwich-bridge,  has  sunk  so  as  to  form  a  wharf.  A  few 
years  since,  the  subsidence  near  the  junction  of  W^itton- brook  and  the  Weever  was 
at  the  rate  of  three  inches  per  week :  at  this  point  a  lake  is  now  rapidly  forming. 
The  salt  paos  at  the  works  by  the  Weever  have  been  frequently  raised,  and  many 
are  now  abandoned.  The  course  of  Whitton-brook,  which  in  1811  was  made  six 
feet  deep,  now  varies  in  depth  from  ten  to  thirty  feet.  About  two  miles  to  the 
north  of  Northwich,  near  the  north-western  boundary  fault,  some  fields  are  sinking. 
In  this  area  the  brine  stands  at  the  same  level,  and  varies  simultaneously  in  all  the 
pits.  That  the  rock-salt  of  Northwich  does  not  extend  beyond  the  above  limits,  is 
further  shown  by  the  fact,  that  the  neighbouring  ground  beyond  ^e  above  boundary 
lines  does  not  sink,  and  the  brine  where  found  beyond  the  said  boundary  is  reached 
and  stands  at  various  Ievels-<-ftll  differing  from  that  at  Northwich. 

Minute  descriptions  of  the  salt,  and  the  methods  of  working  the  same  being  given 
in  various  well-known  works,  the  same  were  not  here  noticed. 


Notice  of  the  Coalcflndiay  being  an  Analysis  of  a  Bepori  eommunicaUd  to  iks 
Indian  Government  on  this  svb/eet.    By  Prof.  Ansted,  M.A.t  F,R.S,  Ac 

The  coal  districts  of  India  may  be  considered  as  five  in  number, — ^three  in  Northern 
India  and  one  in  Catch,  whilst  the  fifth  iocludes  the  province  of  Arracan  and  the 
coast  of  the  Binnan  empire  near  Tenasserim.  Of  these  the  Cntch  coal  is  certainly 
not  of  the  carboniferous  epoch,  and  it  appears  to  be  of  little  importance  at  present 
and  unpromising. 

The  whole  district,  extending  from  the  neighbourhood  of  Hoosungabad  on  the 
Nerbodda  river  (lat.  23^  N.  long.  78^  E.),  on  the  left  or  south  bank  of  the  river,  and 
extending  in  a  north-easterly  direction  for  a  distance  of  about  400  miles  to  Polamow, 
thence  eastward,  for  250  miles,  to  Burdwan,  near  Calcutta,  and  running  north* 
vrard,  for  150  miles,  to  Rajmahal,  exhibits,  it  would  appear,  at  iotervals  by  no  means 
distant,  a  continually  repeated  outcrop  of  rocks,  consisting  of  sandstones  and  shales, 
with  occasional  limestone.  Througboat  this  wide  tract  a  number  of  beds  of  coal 
have  been  recognised,  of  variable  thickness  and  value,  but  all  appearing  to  exhibit 
evidence  of  the  existence  there  of  a  great  coal-district. 

On  the  flanks  of  the  Garrow  Mountains,  near  the  Burhampooter,  and  on  both 
banks  of  that  vast  river,  we  find  another,  perhaps  a  continued  outcrop  of  similar 
beds,  also  containing  coal,  and  reaching  in  a  north-easterly  direction  for  nearly  400 
miles.  The  intermediate  plains,  whose  breadth  between  Kajmahal  and  Jumsdpore 
is  about  100  miles,  are  chiefly  alluvial,  and  thus  it  is  possible  that  there  exists  a  vast 
range  of  carboniferous  strata,  reaching  for  upwards  of  1000  miles  along  the  flanks 
of  the  Himalaya  Mountains,  the  distance  from  the  mountain  chain  gradually  in* 
creasing  as  we  advance  westward,  the  mountains  trending  northwards  and  the  out- 
crop of  the  carboniferous  bed  southwards,  until  finally,  the  distance  between  them 
being  upwards  of  500  miles,  the  relation  is  not  easily  recognised. 

I.  Commencing  with  the  neighbourhood  of  Calcutta,  we  have  first  to  consider 
the  Burdwan  coal -district,  with  which  I  shall  group  the  Adji  and  the  Riymahal 
fields,  all  these  being  on  the  banks  of  either  the  Hooghley  or  Ganges,  or  on  th<»  ""^ 
butarica  of  these  rivers,    llie  Burdwan  district  has  been  long  known,  and 
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deal  worked.  The  workable  beds  of  coal  are  nine  and  seven  feet  thick  respectively. 
They  are  associated  with  sandstone,  shale,  and  a  little  clay-ironstone,  and  abont  six 
other  thinner  seams  of  coal,  while  other  thick  beds  are  mentioned,  bnt  their  real  ex- 
istence as  separate  beds  is  doubtftiL  There  are  now  thirteen  spots  at  which  this 
coal  is  worked,  but  most  of  them  are  surface  workings.  The  deepest  sinking  is  190 
feet.  The  distance  to  Calcutta  is  about  ninety  miles,  but  the  actual  transit  of  coal 
is  nearly  200  miles.  There  would  seem  to  be  a  continuous  outcrop  of  the  same  kind 
of  rocks  from  Burdwan  up  the  Adji  river,  and  northwards  to  Rajroahal.  On  the  Adji 
river  the  coal  has  been  worked  in  more  than  one  spot,  ^d  is  found  to  be  of  about 
the  same  quality  as  that  of  Burdwan ;  but  neither  of  them  is  considered  of  nearly  so 
good  quality  as  the  English  coal.  Further  on,  at  Rajmahal,  coal  is  known  to  exist, 
but  has  not  yet  been  much  worked.  The  quality  of  that  which  has  been  obtained 
does  not  appear  good. 

II.  The  Burdwan  coal-field  appears  to  be  directly  connected  with  a  district  at 
Palamow,  in  which  coal  has  been  worked  in  no  fewer  than  four  places.  The  coal 
here  apparently  reposes  in  a  valley  inclosed  by  hills  of  granite,  and  b  associated 
with  a  good  deal  of  iron.  There  are  several  beds  that  are  of  workable  size,  but  a 
good  deal  of  the  coal  is  heavy  and  of  inferior  quality,  and  some  of  it  appears  to  be 
anthracitic.  These  coal-beds  are  not  far  from  the  Soane  river,  and  about  100  miles 
from  its  confluence  with  the  Ganges,  a  little  above  Dinapoor  and  Patna ;  but  the 
Soane  is  not  at  present  navigable.  Tu  the  west  of  Palamow  the  carboniferous  beds 
are  described  as  appearing  along  two  irregular  lines,  the  one  towards  the  south-west 
for  150  miles,  reaching  beyond  Koorbah,  and  the  other  more  westward,  by  Sohage* 
poor,  to  the  Nerbudda.  Tliese  beds  appear  to  connect  themselves  with  the  Burdwan 
coal-field ;  and  near  Ramgurh  coal  has  been  obtained  in  two  or  three  places*  This 
coal  is  said  to  be  of  very  good  quality  and  of  considerable  thickness ;  but  there  can 
be  little  doubt  that  a  statement  made  in  the  report;  of  the  bed  of  coal  being  200 
yards  in  thickness^  must  be  owing  to  some  misunderstanding  of  the  account  and 
sketch  originally  communicated.  It  seems  certain,  however,  fh)m  the  extent  of  the 
outcrop,  that  the  seam  must  be  one  of  considerable  magnitude.  Westwards^  again, 
from  Palamow,  and  at  a  distance  of  about  fifty  miles,  coal  has  been  found  in  seve- 
ral places  in  Singrowli,  but  the  beds  at  present  known  are  thin ;  and  again,  to  the 
soudi-west,  the  same  mineral  occurs  at  Sirgoojah,  where  fine  coal  has  been  aeen, 
but  is  not  used  at  present.  Between  the  Singrowli  coal  and  Jubbulpore  excellent 
coal  has  been  found  in  several  places,  indicating  an  extensive  coal-field ;  bat  the 
nature  and  thickness  of  the  beds  are  not  stated. 

The  Nerbudda  district,  although  from  the  drainage  of  the  country  it  belongs  to 
the  Bombay  side  of  India,  is  manifestly  more  related,  so  far  as  the  old  rocks  are 
concerned,  with  the  Bengal  territory.  The  coal  is  about  350  miles  from  Bombay, 
and  the  Nerbudda  river  is  at  present  not  navigable.  There  seem  to  be  three  districts 
in  the  Nerbudda  valley  in  which  coal  is  found,  but  the  most  important  of  them  is 
that  near  Gurrawarra,  about  midway  between  Hoosungabad  and  Jubbulpore.  Tlie 
coal  here,  indeed,  appears  to  be  perhaps  the  best  hitherto  found  in  India,  and  exbts 
in  beds  three  in  number,  whose  thickness  respectively  is  said  to  be  20  feet,  40  feet, 
and  25|  feet.    There  are  also  other  beds,  one  of  which  is  four  feet. 

The  discovery  of  this,  the  Benar  coal-field,  promises  to  be  of  great  importance. 
It  is  also  very  near  another  basin,  where  there  are  beds  also  of  excellent  quality,  one 
of  them  six  feet  in  thickness.  At  Jubbulpore  itself  coal  has  been  found  at  a  depth 
of  seventy  feet,  one  bed  being  nearly  twelve  feet  thick. 

III.  Let  us  consider  now  the  district  east  of  Calcutta.  We  there  find  tme  car* 
1x)niferous  rocks  on  both  flanks  of  the  Garrow  mountains,  comn\encing  near  Jumal- 
pore,  and  thence  continuing  north-eastwards,  for  a  distance  amounting  on  the  whole 
to  nearly  400  miles,  through  Lower  and  Upper  Assam.  The  district  nearest  Cal- 
cutta is  Silhet,  on  the  south  flanks  of  the  Garrow,  where  eleven  beds  of  coal  have 
been  determined,  whose  total  thickness  as  already  ascertained  amounts  to  eighty-five 
feet.  This  coal  is  of  excellent  quality,  and  can  as  readily  be  conveyed  to  the  Upper 
Ganges  as  the  Burdwan  coal.  The  most  remarkable  beds  occur  at  Chem  Pbnji; 
but  tiiese  appear  irregular,  although  thev  are  undoubtedly  of  great  thickness  in  seve* 
ral  spots,  amounting  sometimes  to  nearly  thirty  feet.  Iliere  are  also  other  import* 
ant  beds,    lliey  hav^  *^^^  imnum  for  more  than  ten  vears,  but  have  not  baen 
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worked;  and  since  their  first  discovery  large  qyanttties  of  iron  have  been  smelted 
with  charcoal. 

After  passing  the  districts  in  which  the  coal  has  been  thns  clearly  exhibited^  we 
proceed  next  to  the  Assam  districts,  also  more  or  less  continoons,  and  extending  for 
about  350  miles  chiefly  along  the  south  side  of  the  Barhampooter ;  the  whole  being 
divided  into  the  two  groups  of  Lower  and  Upper  Assam,  separated  at  Bishenath,  170 
miles  above  Calcutta.  Six  coal-fields  are  enumerated  in  the  Upper  district,  and  three 
in  the  Lower ;  but  the  latter,  although  it  would  seem  not  so  promising,  are  looked 
on  as  scarcely  less  important  in  consequence  of  their  greater  accessibility. 

So  far  as  details  are  concerned,  the  Lower  Assam  coal  ofiers  little  positive  informa- 
tion ;  the  indications  consisting  rather  of  rolled  fragments  drifted,  than  of  distinct  and 
well-marked  beds.  It  is  called  lignite  in  a  report  from  Lieut.  Vetch ;  but  both  coal 
and  lignite  are  terms  frequently  used  without  reference  to  any  peculiar  character  of 
the  mineral,  or  any  geological  position.  Similar  beds  of  coal  or  lignite  to  those  found 
in  Lower  Assam,  south  of  the  Burhampooter,  are  also  mentioned  as  occurring  on  the 
north  in  three  of  ^the  streams  flowing  into  that  river  from  the  Bootan  range.  The 
Upper  Assam  coal  is  manifestly  of  great  interest,  and  likely  to  prove  very  important. 
It  is  associated  with  abundance  of  clay  ironstone. 

About  eighty  miles  above  Bishenath,  other  beds,  stated  to  be  six  feet  thick,  have 
been  worked  for  the  sake  of  trying  the  oeconomic  value  pf  the  coal.  It  is  described 
by  the  commander  of  one  of  the  Assam  Company's  steamers,  in  a  letter  dated  24th 
January,  1845,  as  far  the  best  he  ever  had  on  board  a  steamer,  and  far  superior  to 
any  coal  in  Calcutta.  From  the  growing  importance  of  the  tea-trade  from  Assan^ 
this  is  likely,  therefore,  to  be  of  great  value.  Still  further  up  the  country  there  are 
several  important  beds,  dipping,  it  would  appear,  at  so  high  an  angle,  and  placed  so 
unfavourably  with  regard  to  present  means  of  transport,  that  it  would  be  difficult  to 
work  them.  The*  other  beds  that  appear  in  this  district  are  exposed  to  the  same 
difiSculty ;  and  the  coal  throughout  Northern  India  appears  to  be  in  this  respect  un- 
favourably placed. 

Passing  on  now  to  the  other  districts  in  India  and  the  East,  in  which  carboniferous 
rocks  and  beds  of  coal  have  been  met  with,  I  have  to  enumerate  two,  the  Tenasserim 
and  the  Arracan  districts,  which,  from  their  vicinity  to  India  and  their  geographical 
position,  are  of  considerable  importance.  The  former  has  been  known  for  some 
years,  and  there  are  said  to  be  four  localities  at  which  coal  appears ;  but  of  these 
only  one  seems  likely  to  prove  of  ceconomic  value.  From  the  accounts  given  of  this 
coal  there  is  every  reason  to  conclude,  that  one  of  the  beds  is  not  of  the  carboni- 
ferous period ;  and  although  another  (on  the  Thian  Khan)  has  been  the  subject  of  a 
far  more  favourable  report,  being  called  cannel  coal,  and  stated  by  Mr.  Prinsep  to  be 
an  admirable  coal  for  gas,  there  is  yet  much  probability  of  the  whole  being  of  the 
tertiary  period.  These  beds  have  been  described  in  the  'Journal  of  the  Asiatic  So- 
ciety' for  1838. 

In  Arracan  there  are  eleven  beds  of  coal,  but  all  of  them  are  thin,  and  their  posi- 
tion nearly  vertical.  They  are  said  to  be  associated  with  sandstones,  limestones  and 
shales ;  but  it  is  clear  that  they  can  at  present  be  looked  at  only  as  indications,  and 
not  of  any  practical  importance.        ___^ 

NoUces  of  some  Fossil  Mammalia  of  South  America,  By  Prof.  Owen,  FJl^S. 

Since  the  publication  of  his  descriptions  of  the  fossil  mammalia  collected  by  Mr. 
Darwin,  the  following  additional  species  had  come  under  observation.  A  new  spe- 
cies of  the  gliriform  genus  of  Pachyderms  called  Toxodon,  was  founded  on  an  entire 
lower  jaw,  with  the  intermaxillary  part  of  the  upper  jaw  of  a  specimen  equalling  the 
Toxodom  plaiensis  in  size,  transmitted  from  Buenos  Ayres.  The  new  species,  which 
Prof.  Owen  proposed  to  call  Toxodon  angustidens,  is  distingubhed  by  the  nearly  equal 
size  of  the  outer  and  inner  incisors  of  the  upper  jaw,  the  transverse  diameter  of  the 
inner  or  median  one  being  two  inches ;  and  by  the  narrower  transverse  diameter  of 
the  inferior  molars.  Prof.  Owen  considered  the  characters  of  this  second  species  of 
Toxodon  as  confirming  in  every  respect  his  ideas  of  the  affinities  of  the  genus  ex- 
pressed by  the  title, '  Description  of  the  cranium  of  the  Toxodon  phtensia,  a  gigantic 
extinct  mammiferous  animal,  referable  to  the  order  Pachydermata,  but  with  ^nities 
to  the  Rodentia,  Edentata,  and  herbivorous  Cetacea,'  under  which  his  original 
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In  a  note  in  the  last  number  of  the  '  Journal  of  ihe  Geological  Society/  I  alluded 
to  the  discovery  by  Mr.  Pratt  of  iropreesiottB  of  plants  in  a  stratum  which  I  believed 
to  con espond  with  No.  17  in  the  Alum  Bay  section.  This  I  can  now  cunfirm*  and 
testify  to  their  great  abundance  and  beautiful  state  of  preservation,  but  from  their 
light  colour  (being  nearly  that  of  the  clay)  they  were  long  overlooked. 

With  regard  to  Heado'n  Hill,  I  regretted  to  find  its  cliffs  so  fallen  down  and  its 
fine  sections  comparatively  so  obscure ;  still  the  interpolated  marine  beds,  Nos.  56  to 
60,  can  easily  be  traced  at  intervals.  The  fossils  of  these  beds  can  now  be  best  pro* 
cored  at  the  eastern  extremity  of  the  hill.  At  Colwell  Bay  however  the  section 
continues  extremely  well  exposed  and  full  of  interest. 


On  the  Arrangement  and  Nomenclature  of  some  of  the  Subcretaceous  Strata^ 

By  W.  H.  FiTTON,  M,D.,  F.R.S. 

This  communication  included  a  summary  of  the  latest  inquiries  on  the  strata  im- 
mediately beneath  the  chalk  in  England ;  with  a  table  of  the  fossils  (connected  with 
a  paper  previously  read  before  the  Geological  Society  of  London),  from  a  new  coU 
lection  made  by  the  author  in  the  cliffs  near  Atherfield.  in  the  Isle  of  Wight,  from 
the  gault  down  to  the  Weald  clay.  The  specimens  were  named  by  Mr.  Morris,  and 
compared  with  the  series  in  the  Geological  Society's  Museum  catalogued  by  Professor 
Edward  Forbes.  This  tabulated  arrangement  exhibits  about  150  species,  in  their 
true  places ;  so  that  numerous  results  can  be  obtained  from  it,  respecting  their  re- 
lative  positions  and  distribution  in  the  series  of  strata.  1.  The  accumulation  of 
species  in  the  lower  part  of  the  section  is  very  remarkable  ;  about  130  of  the  total 
number  originating  within  150  feet  from  the  bottom,  while  not  more  than  twenty 
other  species  originate  in  the  remaining  portion ;  the  thickness  of  the  entire  section 
being  800  feet.  The  absolute  numbers  also  of  shells  diminishes  rapidly  upwards,  and 
in  the  strata  near  the  top  of  the  section  in  this  part  of  the  Isle  of  Wight,  even  in- 
dications of  fossils  are  rare ;  though  near  Shanklin,  and  near  Folkstone  in  Kent,  the 
fossils  of  the  corresponding  beds  are  more  numerous  and  distinct.  2.  These  and 
other  facts  indicate  the  existence  of  only  one  series  of  fossils,  throughout  a  period  of 
continuous  but  unequal  deposition, — the  gault,  with  its  peculiar  and  characteristic 
fossils,  being  immediately  above, — a  result  which  perfectly  accords  with  the  view 
taken  by  Professor  Forbes,  in  a  paper  published  by  himself  and  Captain  Ibbetson, 
in  the  'Geological  Journal'  (vol.  i.).  3.  The  upper  and  less  fossiliferous  portion  <^ 
the  section  here,  is  distinguished,  if  not  separated,  from  the  lower  beds  by  the  pre- 
sence of  a  very  remarkable  group  of  ferruginous  coocretional  bands,  which  occurs  in 
a  corresponding  place,  at  Horse-ledge,  west  of  Shanklin  Chine ;  at  Parham  Park,  in 
Sussex ;  and  at  Sandgate,  in  Kent :  including  in  all  those  places  the  same  fossils, 
TheOa,  GervilUa,  THgonia,  Ro^teUaria,  &c.  4 .  From  the  general  mode  of  distrib*ati(m 
of  the  species,  as  above  described,  and  the  great  variation  in  the  components  and 
proportion  of  the  beds  which  form  the  sections  of  the  lower  greensand  in  different 
places,  it  may  be  inferred  that  subdivisions,  founded  on  the  occurrence,  or  grouping 
of  the  species,  cannot  be  expected  to  be  either  generally  prevalent  or  very  precise. 
5.  The  remarkable  deposit  of  Neufchatel  iTerrain  N4ocomten)  appears  to  be  the 
equivalent  of  the  lower  part  only  of  the  section  near  Atherfield,  the  upper  divisions 
being  wanting  at  the  former  place.  In  most  of  the  published  sections  of  the  sub- 
cretaceous groups  in  France  and  other  places,  an  upper  division  or  series  of  strata, 
like  this  of  Uie  English  coast,  is  likewise  found,  under  the  names  ofeahlee  verte^  ttAle 
ferrugineux,  Jaune,  &c.  The  Atherfield  section,  therefore,  includes  the  TVrrolm  NA- 
conUen,  with  the  addition  of  the  group  last  mentioned,  which  at  Black^^g  Chine  is 
not  less  than  260  feet  in  thickness.    ^.___^ 

Captain  Ibbetson  and  Prof.  Forbes  exhibited  models  and  sections  of  various  puts 
of  the  Isle  of  Wight,  and  pointed  out  the  localities  and  geological  features  moat  in* 
teresting  to  visitors.  *-_^^« 

Sir  R.  I.  Murchison  presented,  on  the  part  of  Dr.  Mantell,  a  Geological  Map  of 
the  Isle  of  Wight,  9md  the  preliminary  pages  of  a  work  devoted  to  the  description  of 
the  island. 
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On  eertam  DevioHoM  of  the  Phmh4ine  from  its  Mean  Direction,  oi  ob$erved 
in  the  neighbourhood  of  Shanklin  Down,  in  the  Isle  of  Wight,  during  the 
progress  of  the  Ordnance  Survey.     By  W.  Hopkins,  F.R,S, 

The  differeoce  of  latitude  between  Greenwich  and  the  station  of  the  Ordnance  sur- 
veyors at  Dannose,  on  the  north  side  of  Shanklin  Down,  as  determined  by  triangu- 
lation,  was  greater  by  2 '22  seconds  than  as  determined  by  zenith  sector  observations. 
When,  however,  a  new  station  was  chosen  on  the  south  side  of  Shanklin  Down,  the 
difference  of  latitude,  as  determined  by  triangulation,  was  less  by  3*09  seconds  than 
it  appeared  to  be  when  determined  by  the  zenith  sector.  These  discrepancies  would 
be  accounted  for,  if  the  mass  intervening  between  the  stations  at  Shanklin  Down 
were  sufficient  to  produce,  by  its  attraction  on  the  plumb-line,  the  observed  devia- 
tions. The  requisite  calculations  for  proving  the  adequacy  of  this  cause  had  not 
been  made ;  the  tendency,  however,  would  necessarily  be  to  produce  effects  of  the 
same  nature  as  those  observed ;  and  the  author  thougnt  it  probable  that  the  intensity 
of  the  attraction  of  the  hill  would  be  found  sufficient  to  account  for  the  phteno- 
BMsna.  _^^^ 

On  Railway  Sections  made  on  the  Line  of  the  Great  Western  Railway,  between 

Bristol  and  Taunton.     By  W.  Sanoibb,  F.G,S. 

The  general  section  is  made  to  the  scale  of  38  inches  to  the  mile,  or  1  to  IQ20  $ 
extending  over  a  length  of  45  miles.  The  colours  are  those  of  the  Ordnance  Survey. 

In  four  places  the  sections  are  enlarged  fourfold,  or  40  feet  to  the  inch ;  and  MX 
details  are  given  on  the  scale  of  4  feet  to  the  inch.  The  colours  of  the  Ordnance 
Survey  are  taken  as  a  basis,  and  others  are  introduced  to  describe  local  facts.  The 
railway  passes  first  through  the  junction  beds  of  red  marl  and  lias ;  then  for  six 
or  seven  miles  through  new  red  sandstone,  interrupted  only  at  one  place,  where 
a  tunnel,  324  feet  in  length,  pierces  the  upper  beds  of  the  carboniferous  limestone ; 
then  for  about  twelve  miles  chiefly  over  alluvial  tracts,  separated  by  cuttings  of  new 
red.  sandstone  beds,  also  touching  the  southern  margin  of  the  Nailsea  coal-field. 
At  twenty-one  miles  occurs  the  Uphill  cutting,  passing  through  new  red  sandstone 
and  lias,  and  then  carboniferous  limestone,  at  the  base  of  which  is  seen  some  masses 
of  trappean  rock.  The  railway  is  then  carried  along  an  alluvial  plain  of  seventeen 
miles  in  length,  interrupted  only  in  one  place,  at  three  miles  north  of  Bridgewater^ 
by  a  deep  cutting  through  new  red  marls  and  lias  at  Puriton.  From  the  termina- 
tion of  the  alluvial  tract  to  Taunton,  the  course  is  over  a  moderately  level  country 
of  new  red  sandstone,  and  little  occurs  to  attract  the  attention  of  the  geologist;  ex- 
cept the  occasional  appearance  of  diluvial  gravel,  which  is  seen  to  contain  an  in- 
creasing proportion  of  the  killas  as  the  observer  approaches  Taunton.  There  are 
four  enlarged  drawings. 

It  is  desirable  to  notice  first,  that  called  the  Ashton  cutting,  where  the  carboni- 
ferous beds  are  displayed  in  three  places.  Over  the  two  smaller  masses  and  on  the 
sides  of  the  larger  one  are  seen  the  usual  boulder  conglomerate,  consisting  of  large 
and  small  fragments  of  limestone,  partially  water- worn,  cemented  by  the  ordinary 
red  clay.  As  the  superincumbent  strata  are  carried  over  the  two  small  masses  oi 
limeatone«  and  apparently  tend  to  ascend  over  the  rock  at  the  tunnel,  it  might  be 
supposed  that  a  local  elevation  had  taken  place  subsequent  to  the  deposit  of  the  new 
red  sandstones.  This  mny  have  been  the  case,  but  the  inclination  and  curving  of 
the  beds  may  have  been  original ;  and  I  incline  to  this  opinion,  since,  on  the  pre- 
sumption of  the  limestone  having  been  elevated  by  violent  force  arising  from  igneous 
action,  the  conglomerate  adjoining  the  limestone  would  have  been  pierced  and  thrust 
aside,  and  greater  displacement  manifested  in  the  marly  clays  above. 

At  the  Uphill  section  the  evidence  differs :  here  not  only  are  violent  dislocations 
of  the  red  marls  and  lias  produced,  so  that  the  lias  beds  dip  at  an  angle  of  70^  or 
more  towards  the  plane  of  intersection  between  the  lias  and  the  limestone,  which 
plane  itself  dips  in  the  same  direction ;  but,  in  addition,  the  igneous  rock  appears  in 
full  force ;  and  it  clearly  bears  relation  not  only  to  the  fault,  which  brings  into  juxta- 
position the  limestone  and  lias,  but  to  an  extensive  fault  in  the  limestone  itself,  by 
which  the  whole  series  of  beds  on  one  side  differs  from  that  on  the  other. 

On  the  nature  of  the  trap  rock  and  its  metamorphic  influence  on  the  limestone. 
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In  a  note  in  the  Ust  number  of  the  '  Jounud  of  ihe  Geological  Society/  I  alloded 
to  the  discovery  bv  Mr.  Pratt  of  impressions  of  plants  in  a  stratum  which  I  believed 
to  con espond  witn  No.  17  in  the  Alum  Bay  section.  This  I  can  now  cunfirm^  and 
testify  to  their  great  abundance  and  i)eautiful  state  of  preservation,  but  from  their 
light  colour  (being  nearly  that  of  the  clay)  they  were  long  overlooked. 

With  regard  to  Heado'n  Hill,  I  regretted  to  find  its  cliffs  so  fallen  down  and  its 
fine  sections  comparatively  so  obscure ;  still  the  interpolated  marine  beds,  Nos.  56  to 
60,  can  easily  be  traced  at  intervals.  The  fossils  of  these  beds  can  now  be  best  pro- 
cured at  the  eastern  extremity  of  the  hill.  At  Colwell  Bay  however  the  section 
continues  extremely  well  exposed  and  full  of  interest. 


On  the  Arrangement  and  Nomenclature  of  some  of  the  Subcretaceous  Strata^ 

By  W.  H.  FiTTON,  M.D.,  F.R.S. 

This  communication  included  a  summary  of  the  latest  inquiries  on  the  strata  im- 
mediately beneath  the  chalk  in  England ;  with  a  table  of  the  fossils  (connected  with 
a  paper  previously  read  before  the  Geological  Societ}'  of  London),  from  a  new  col- 
lection made  by  the  author  in  the  cliffs  near  Atherfield.  in  the  Isle  of  Wight,  from 
the  gault  down  to  the  Weald  clay.    The  specimens  were  named  by  Mr.  Morris,  and 
compared  with  the  series  in  the  Geological  Society's  Museum  catalogued  by  Professor 
Edward  Forbes.    This  tabulated  arrangement  exhibits  about  150  species,  in  their 
true  places ;  so  that  numerous  results  can  be  obtained  from  it,  respecting  their  re- 
lative positions  and  distribution  in  the  series  of  strata.     1.  The  accumulation  of 
species  in  the  lower  part  of  the  section  is  very  remarkable  ;  about  130  of  the  total 
number  originating  within  150  feet  from  the  bottom,  while  not  more  than  twenty 
other  species  originate  in  the  remaining  portion ;  the  thickness  of  the  entire  section 
being  800  feet.   The  absolute  numbers  also  of  shells  diminishes  rapidly  upwards,  and 
in  the  strata  near  the  top  of  the  section  in  this  part  of  the  Isle  of  Wight,  even  in- 
dications of  fossils  are  rare ;  though  near  Shanklm,  and  near  Folkstone  in  Kent,  the 
fossils  of  the  corresponding  beds  are  more  numerous  and  distinct.     3.  These  and 
other  facts  indicate  the  existence  of  onlv  one  series  of  fossils,  throughout  a  period  of 
continuous  but  unequal  deposition, — the  gault,  with  its  peculiar  and  characteristic 
fossils,  being  immediately  above, — a  result  which  perfectly  accords  with  the  view 
taken  by  Professor  Forbes,  in  a  paper  published  by  himself  and  Captain  Ibbeteon, 
in  the  'Geological  Journal'  (vol.  i.).    3.  The  upper  and  less  foesiliferous  portion  of 
the  section  here,  is  distinguished,  if  not  separated,  from  the  lower  beds  by  the  pre- 
sence of  a  very  remarkable  group  of  ferruginous  concretional  bands,  which  occara  in 
a  corresponding  place,  at  Horse-ledge,  west  of  Shanklin  Chine ;  at  Parham  Park,  in 
Sussex ;  and  at  Sandgate,  in  Kent :  including  in  all  those  places  the  same  fossils, 
Tketia,  GenriUia,  TYigonia,  Rottellaria,  &c.    4.  From  the  general  mode  of  distribation 
of  the  species,  as  above  described,  and  the  great  variation  in  the  components  and 
proportion  of  the  beds  which  form  the  sections  of  the  lower  greensand  in  different 
places,  it  may  be  inferred  that  subdivisions,  founded  on  the  occurrence,  or  grouping 
of  the  species,  cannot  be  expected  to  be  either  generally  prevalent  or  very  precise. 
5.  The  remarkable  deposit  of  Neufchatel  {Thrain  N^ocomien)  appears  to  be  the 
equivalent  of  the  lower  part  only  of  the  section  near  Atherfield,  the  upper  diviBiona 
being  wanting  at  the  former  place.    In  most  of  the  published  sections  of  the  sub- 
cretaceous groups  in  France  and  other  places,  an  upper  division  or  series  of  strata, 
like  this  of  Uie  English  coast,  is  likewise  found,  under  the  names  of  sabks  wrt9,  eabie 
ferrugineux,  jaune,  &c.    The  Atherfield  section,  therefore,  includes  the  Terrain  Ni^ 
comien,  with  the  addition  of  the  group  last  mentioned,  which  at  Blackgang  Ghiiie  is 
not  less  than  260  feet  in  thickness.       

Captain  Ibbetson  and  Prof.  Forbes  exhibited  models  and  sections  of  various  puts 
of  the  Isle  of  Wight,  and  pointed  out  the  localities  and  geological  features  most  in- 
teresting to  visitors.  ___ 

Sir  R.  I.  Murchison  presented,  on  the  part  of  Dr.  Mantell,  a  Geological  Map  of 
the  Isle  of  Wight,  $ind  tlie  preliminary  pages  of  a  work  devoted  to  the  description  of 
the  island. 
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On  eeriom  DevtoHoM  of  the  Plumb-line  from  He  Mean  Direetion,  a»  obeerved 
in  the  neighbourhood  of  Shanklin  Downy  in  the  Isle  of  Wight,  during  the 
progress  of  the  Ordnance  Survey,     By  W.  Hopkins,  FM.S, 

The  difference  of  latitude  between  Greenwich  and  the  station  of  the  Ordnance  sur- 
veyors at  Dunnose,  on  the  north  side  of  Shanklin  Down,  as  determined  by  triangu* 
lation,  was  greater  by  2*22  seconds  than  as  determined  by  zenith  sector  observations. 
When,  however,  a  new  station  was  chosen  on  the  south  side  of  Shanklin  Down,  the 
difference  of  latitude,  as  determined  by  triangulation,  was  less  by  3'09  seconds  than 
it  appeared  to  be  when  determined  by  the  zenith  sector.  These  discrepancies  would 
be  accounted  for,  if  the  mass  intervening  between  the  stations  at  Shanklin  Down 
were  sufficient  to  produce,  by  its  attraction  on  the  plumb-line,  the  observed  devia- 
tionB«  The  requisite  calculations  for  proving  the  adequacy  of  this  cause  had  not 
been  made ;  the  tendency,  however,  would  necessarily  be  to  produce  effects  of  the 
same  nature  as  those  observed ;  and  the  author  thougnt  it  probable  that  the  intensity 
of  the  attraction  of  the  hill  would  be  found  sufficient  to  account  for  the  phteno- 
mena.  .— .^^.^ 

On  Railway  Sections  made  on  the  Line  of  the  Great  Western  Railway,  between 

Bristol  and  Taunton.     By  W.  Sanoirs,  F,G,S. 

The  general  section  is  made  to  the  scale  of  38  inches  to  the  mile,  or  1  to  1Q20 } 
extending  over  a  length  of  45  miles.  The  colours  are  those  of  the  Ordnance  Survey. 

In  four  places  the  sections  are  enlarged  fourfold,  or  40  feet  to  the  inch ;  and  ftiU 
details  are  given  on  the  scale  of  4  feet  to  the  inch.  The  colours  of  the  Ordnance 
Survey  are  taken  as  a  basis,  and  others  are  introdnced  to  describe  local  facts.  The 
railway  passes  first  through  the  junction  beds  of  red  marl  and  lias ;  then  for  six 
or  seven  miles  through  new  red  sandstone,  interrupted  only  at  one  place,  where 
a  tunnel,  324  feet  in  length,  pierces  the  upper  beds  of  the  carboniferous  limestone ; 
then  for  about  twelve  miles  chiefly  over  alluvial  tracts,  separated  by  cuttings  of  new 
red.  sandstone  beds,  also  touching  the  southern  margin  of  the  Nailsea  coal-field. 
At  twenty-one  miles  occurs  the  Uphill  cutting,  passing  through  new  red  sandstone 
and  lias,  and  then  carboniferous  limestone,  at  die  base  of  which  is  seen  some  masses 
of  trappean  rock.  The  railway  is  then  carried  along  an  alluvial  plain  of  seventeen 
miles  in  length,  interrupted  only  in  one  place,  at  three  miles  nor^  of  Bridgewater, 
by  a  deep  cutting  through  new  red  marls  and  lias  at  Puriton.  From  the  termina* 
tion  of  we  alluvial  tract  to  Taunton,  the  course  is  over  a  moderately  level  country 
of  new  red  sandstone,  and  little  occurs  to  attract  the  attention  of  the  geologist;  ex- 
cept the  occasional  appearance  of  diluvial  gravel,  which  is  seen  to  contain  an  in- 
creasinff  proportion  of  the  killas  as  the  observer  approaches  Taunton.  There  are 
four  enlarged  drawings. 

It  is  desirable  to  notice  first,  that  called  the  Ashton  cutting,  where  the  carboni- 
ferous beds  are  displayed  in  three  places.  Over  the  two  smaller  masses  and  on  the 
sides  of  the  larger  one  are  seen  the  nsual  boulder  conglomerate,  consisting  of  large 
and  small  fragments  of  limestone,  partially  water- worn,  cemented  by  the  ordinary 
red  clay.  As  the  superincumbent  strata  are  carried  over  the  two  small  masses  of 
limestone,  and  apparently  tend  to  ascend  over  the  rock  at  the  tunnel,  it  might  be 
supposed  that  a  local  elevation  had  taken  place  subsequent  to  the  deposit  of  the  new 
red  sandstones.  This  mny  have  been  the  case,  but  the  inclination  and  curving  of 
the  beds  may  have  been  original ;  and  I  incline  to  this  opinion,  since,  on  the  pre« 
sumption  of  the  limestone  having  been  elevated  by  violent  force  arising  from  igneous 
action,  the  conglomerate  adjoining  the  limestone  would  have  been  pierced  and  thrust 
aside,  and  greater  displacement  manifested  in  the  marly  clays  above. 

At  the  Uphill  section  the  evidence  differs :  here  not  only  are  violent  dislocations 
of  the  red  marls  and  lias  produced,  so  that  the  lias  beds  dip  at  an  angle  of  70^  or 
more  towards  the  plane  of  intersection  between  the  lias  and  the  limestone,  which 
plane  itself  dips  in  the  same  direction ;  but,  in  addition,  the  igneous  rock  appears  in 
full  force ;  and  it  clearly  bears  relation  not  only  to  the  fault,  which  brings  into  juxta- 
position the  limestone  and  lias,  but  to  an  extensive  fault  in  the  limestone  itself,  by 
which  the  whole  series  of  beds  on  one  side  differs  from  that  on  the  other. 

On  Uie  nature  of  the  trap  rock  and  its  metamorphic  influence  on  the  limestone. 
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In  a  note  in  the  Ust  number  of  the  '  Journal  of  fhe  Geological  Society,'  I  alloded 
to  the  discovery  by  Mr.  Pratt  of  impressions  of  plants  in  a  stratum  which  I  believed 
to  conespond  with  No.  17  in  the  Alum  Bay  section.  This  I  can  now  confirm^  and 
testify  to  their  great  abundance  and  l)eautiful  state  of  preservation^  but  from  their 
light  colour  (being  nearly  that  of  the  clay)  they  were  long  overlooked. 

With  regard  to  Heado'n  Hill,  I  regretted  to  find  its  cliffs  so  fallen  down  and  its 
fine  sections  comparatively  so  obscure ;  still  the  interpolated  marine  beds,  Nos.  56  to 
60,  can  easily  be  traced  at  intervals.  The  fossils  of  these  beds  can  now  be  best  pro- 
cured at  the  eastern  extremity  of  the  hill.  At  Colwell  Bay  however  the  section 
continues  extremely  well  exposed  and  full  of  interest. 


On  the  Arrangement  and  Nomenclature  of  some  of  the  Subcretaceous  Strata, 

By  W.  H.  FiTTON,  M.D.,  F,R.8. 

This  communication  included  a  summary  of  the  latest  inquiries  on  the  strata  im- 
mediately beneath  the  chalk  in  England ;  with  a  table  of  the  fossils  (connected  with 
a  paper  previously  read  before  the  Geological  Societ}'  of  London),  from  a  new  col- 
lection made  by  the  author  in  the  cliffs  near  Atherfield,  in  the  Isle  of  Wight,  from 
the  gault  down  to  the  Weald  clay.  The  specimens  were  named  by  Mr.  Morris,  and 
compared  with  the  series  in  the  Geological  Society's  Museum  catalogued  by  Professor 
Edward  Forbes.  This  tabulated  arrangement  exhibits  about  150  species,  in  their 
true  places ;  so  that  numerous  results  can  be  obtained  from  it,  respecting  their  re- 
lative positions  and  distribution  in  the  series  of  strata.  1.  The  accumulation  of 
species  in  the  lower  part  of  the  section  is  very  remarkable  ;  about  130  of  the  total 
number  originating  within  150  feet  from  the  bottom,  while  not  more  than  twenty 
other  species  originate  in  the  remaining  portion ;  the  thickness  of  the  entire  section 
being  800  feet.  The  absolute  numbers  also  of  shells  diminishes  rapidly  upwards,  and 
in  the  strata  near  the  top  of  the  section  in  this  part  of  the  Isle  of  Wight,  even  in- 
dications of  fossils  are  rare ;  though  near  Shanklin,  and  near  Folkstone  in  Kent,  the 
fossils  of  the  corresponding  beds  are  more  numerous  and  distinct.  2.  These  and 
other  facts  indicate  the  existence  of  only  one  series  of  fossils,  throughout  a  period  of 
continuous  but  unequal  deposition, — the  gault,  with  its  peculiar  and  characteristic 
fossils,  being  immediately  above, — a  result  which  perfectly  accords  with  the  view 
taken  by  Professor  Forbes,  in  a  paper  published  by  himself  and  Captain  Ibbetson, 
in  the  'Geological  Journal'  (vol.  i.).  3.  The  upper  and  less  fossiliferous  portion  d[ 
the  section  here,  is  distinguished,  if  not  separated,  from  the  lower  beds  by  the  pre- 
sence of  a  very  remarkable  group  of  ferruginous  concretional  bands,  which  occurs  in 
a  corresponding  place,  at  Horse-ledge,  west  of  Shanklin  Chine ;  at  Parham  Park,  in 
Sussex ;  and  at  Sandgate,  in  Kent :  including  in  all  those  places  the  same  fossils, 
Tketis,  GervilUa,  TVigonia,  RoatsUaria,  &c.  4.  From  the  general  mode  of  distrib*ation 
of  the  species,  as  above  described,  and  the  great  variation  in  the  components  and 
proportion  of  the  beds  which  form  the  sections  of  the  lower  greensand  in  different 
places,  it  may  be  inferred  that  subdivisions,  founded  on  the  occurrence,  or  grouping 
of  the  species,  cannot  be  expected  to  be  either  generally  prevalent  or  very  precise. 
5.  The  remarkable  deposit  of  Neufchatel  iTerrain  N4ocomien)  appears  to  be  the 
equivalent  of  the  lower  part  only  of  the  section  near  Atherfield,  the  upper  divisions 
being  wanting  at  the  former  place.  In  most  of  the  published  sections  of  the  sub- 
cretaceous groups  in  France  and  other  places,  an  upper  division  or  series  of  strata, 
like  this  of  Uie  English  coast,  is  likewise  found,  under  the  names  of  sables  verts,  sabk 
ferrugineux,  Jaune,  &c.  The  Atherfield  section,  therefore,  includes  the  TVrratn  NSs- 
comien,  with  the  addition  of  the  group  last  mentioned,  which  at  Blackgang  Chine  is 
not  less  than  250  feet  in  thickness.       

Captain  Ibbetson  and  Prof.  Forbes  exhibited  models  and  sections  of  various  parts 
of  the  Isle  of  Wight,  and  pointed  out  the  localities  and  geological  features  moat  in<- 
teresting  to  visitors.  ___ 

Sir  R.  I.  Murchison  presented,  on  the  part  of  Dr.  Mantell,  a  Geological  Map  of 
the  Isle  of  Wight,  fmdtlie  preliminary  pages  of  a  work  devoted  to  the  description  of 
the  island. 
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On  certain  DevuOhna  of  the  Phmh4\M  from  iti  Mean  Direetion,  oi  obeerved 
in  the  neighbourhood  of  Shanklin  Down^  in  the  Me  of  Wight,  during  the 
progress  of  the  Ordnance  Survey,     By  W.  Hopkins,  F,R,S, 

The  difference  of  latitude  between  Greenwich  and  the  station  of  the  Ordnance  sur- 
veyors at  Dunnose,  on  the  north  side  of  Shanklin  Down,  as  determined  by  triangu- 
lation,  was  greater  by  2*22  seconds  than  as  determined  by  zenith  sector  observations* 
When,  however,  a  new  station  was  chosen  on  the  south  side  of  Shanklin  Down,  the 
difference  of  latitude,  as  determined  by  triangulation,  was  less  by  3*09  seconds  than 
it  appeared  to  be  when  determined  by  the  zenith  sector.  These  discrepancies  would 
be  accounted  for,  if  the  mass  intervening  between  the  stations  at  Shanklin  Down 
were  sufficient  to  produce,  by  its  attraction  on  the  plumb-line,  the  observed  devia- 
tions. The  requisite  calculations  for  proving  the  adequacy  of  this  cause  had  not 
been  made ;  the  tendency,  however,  would  necessarily  be  to  produce  effects  of  the 
same  nature  as  those  observed ;  and  the  author  thought  it  probable  that  the  intensity 
of  the  attraction  of  the  hill  would  be  found  sufficient  to  account  for  the  phseno- 

On  Railway  Sections  made  on  the  Line  of  the  Great  Western  Railway,  between 

Bristol  and  Taunton,     By  W.  Sanoirs,  F*G.S, 

The  general  section  is  made  to  the  scale  of  33  inches  to  the  mile,  or  1  to  1Q20 } 
eoctending  over  a  length  of  45  miles.  The  colours  are  those  of  the  Ordnance  Survey. 

In  four  pUces  the  sections  are  enlarged  fourfold,  or  40  feet  to  the  inch ;  and  ftiU 
details  are  given  on  the  scale  of  4  feet  to  the  inch.  The  colours  of  the  Ordnance 
Survey  are  taken  as  a  basis,  and  others  are  introduced  to  describe  local  facts.  The 
railway  passes  first  through  the  junction  beds  of  red  marl  and  lias ;  then  for  six 
or  seven  miles  through  new  red  sandstone,  interrupted  only  at  one  place,  where 
a  tunnel,  324  feet  in  length,  pierces  the  upper  beds  of  the  carboniferous  limestone ; 
then  for  about  twelve  miles  chiefly  over  alluvial  tracts,  separated  by  cutttoga  of  new 
red.  sandstone  beds,  also  touching  the  southern  margin  of  the  Nailsea  coal-field. 
At  twenty-one  miles  occurs  the  Uphill  cutting,  passing  through  new  red  sandstone 
and  lias,  and  then  carboniferous  limestone,  at  the  base  of  which  is  seen  some  masses 
of  trappean  rock.  The  railway  is  then  carried  along  an  alluvial  plain  of  seventeen 
milee  in  length,  interrupted  only  in  one  place,  at  three  miles  north  of  firidgewater, 
by  a  deep  cutting  through  new  red  marls  and  lias  at  Puriton.  From  the  termina- 
tion of  the  alluvial  tract  to  Tkunton,  the  course  is  over  a  moderately  level  country 
of  new  red  sandstone,  and  little  occurs  to  attract  the  attention  of  the  geologist;  ex- 
cept the  occasional  appearance  of  diluvial  gravel,  which  is  seen  to  contain  an  in- 
creasing proportion  of  the  killas  as  the  observer  approaches  Taunton.  Thne  are 
four  enlarged  drawings. 

It  is  desirable  to  notice  first,  that  called  the  Ashton  cutting,  where  the  carboni- 
ferous beds  are  displayed  in  three  places.  Over  the  two  smaller  masses  and  on  the 
sides  of  the  larger  one  are  seen  the  usual  boulder  conglomerate,  consisting  of  large 
and  small  fragments  of  limestone,  partially  water- worn,  cemented  by  the  ordinary 
red  clay.  As  the  superincumbent  strata  are  carried  over  the  two  small  masses  of 
limestone^  and  apparently  tend  to  ascend  over  the  rock  at  the  tunnel,  it  might  be 
supposed  that  a  local  elevation  had  taken  place  subsequent  to  the  deposit  of  the  new 
red  sandstones.  This  mny  have  been  the  case,  but  the  inclination  and  curving  of 
the  beds  may  have  been  original ;  and  I  incline  to  this  opinion,  since,  on  the  pre- 
sumption of  the  limestone  having  been  elevated  by  violent  force  arising  from  igneous 
action,  the  conglomerate  adjoining  the  limestone  would  have  been  pierced  and  thrust 
aside,  and  greater  displacement  manifested  in  the  marly  clays  above. 

At  the  Uphill  section  the  evidence  differs :  here  not  only  are  violent  dislocations 
of  the  red  marls  and  lias  prodnced,  so  that  the  lias  beds  dip  at  an  angle  of  70^  or 
more  towards  the  plane  of  intersection  between  the  lias  and  the  limestone,  which 
plane  itself  dips  in  the  same  direction ;  but,  in  addition,  the  igneous  rock  appears  in 
full  force ;  and  it  clearly  bears  relation  not  only  to  the  fault,  which  brings  into  juxta- 
position the  limestone  and  lias,  but  to  an  extensive  fault  in  the  limestone  itself,  by 
which  the  whole  series  of  beds  on  one  side  differs  from  that  on  the  other. 

On  Uie  nature  of  the  trap  rock  and  its  metamorphic  influence  on  the  limestone. 
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Along  the  watershed^  that  is  to  say  at  the  extreme  eastern  edge  of  the  table-land, 
several  lakes  of  some  magnitude  are  situate,  namely,  A'shangi,  Hfiik  and  Zowfii; 
and  the  ereat  lake  Zambezi,  or  Nyissi,  lying  farther  to  the  south,  wonld  appear  to 
be,  in  like  manner,  placed  near  the  line  along  which  the  minor  streams  falling 
into  the  Indian  ocean  are  divided  from  those  of  larger  size  which  flow  towards  the 
Atlantic. 

The  memoir  concludes  with  directing  attention  to  an  important  practical  result 
which  is  to  be  arrived  at  from  this  brief  survey  of  the  physical  character  of  the 
Abessinian  plateau.  "  It  is,  namely,  that  the  eastern  coast  of  Africa  presents 
facilities  for  the  exploration  of  the  interior  of  that  continent  very  superior  to  those 
afforded  by  the  western  coast.  For,  when  the  narrow  belt  of  low  land  along  the 
coast  of  the  Indian  Ocean — which  from  its  general  dryness,  arising  from  the 
absence  of  large  rivers,  is  far  from  unhealthy  at  most  seasons  of  the  year — is  once 
passed  and  the  eastern  edge  of  the  elevated  table-land  is  attained,  a  climate  is  met 
with  which  is  not  merely  congenial  to  European  constitutions,  but  is  abeolately 
more  healthy  than  that  of  most  countries.  Here — that  is  to  say,  on  the  elevated 
plateau,  and  not  in  the  low  desert  country  along  the  sea-coast — travellers  might  wait 
in  safety,  and  even  with  advantage  to  their  health,  till  suitable  opportunities  should 
present  themselves  for  penetrating  westward  into  the  interior ;  and  in  the  event  of 
their  having  to  retrace  their  steps,  they  would  only  return  upon  a  healthy  and  de- 
lightful country.  On  the  other  hand,  the  climate  of  the  western  coast  is  notoriously 
such,  that  a  traveller  is  necessitated  to  press  forwards,  whatever  may  be  the  time  of 
the  year,  whatever  the  condition  of  the  country,  whatever  even  his  state  of  health. 
And  should  he,  from  sickness  or  any  other  unforeseen  circumstance,  be  compelled 
to  abandon  his  journey,  he  must  do  so  with  the  painful  knowledge  that  the  farther 
he  retrogrades  the  more  baleful  are  the  districts  which  he  has  to  traverse  and  the 
less  like&ood  there  is  of  his  ever  reaching  the  coast." 

Synopsis  of  a  proposal  respecting  a  Physico^Geogrttphical  Survey  of  the  British 
Islands,  particularly  in  relation  to  Agriculture.  By  W.  Desborouoh 
CooLEY,  Esq,     Communicated  by  Sir  R.  J.  Murchisox,  G.C.S.,  F,R,S, 

1.  Physical  geography,  or  that  branch  of  knowledge  which  treats  of  nataral 
phsenomena  and  their  laws  collectively,  as  they  are  modified  by  geographical  position, 
furnishes  some  of  the  chief  elements  of  agncultural  science.  It  teaches  the  rela- 
tions of  comparative  climate,  without  a  knowledge  of  which  the  results  of  bad 
experience  cannot  be  safely  applied  to  any  extent  in  agriculture. 

2.  It  is  well  known  that  as  climate  depends  fundamentally  on  the  distribntion  of 
land  and  water,  on  the  winds,  and  is  a£[ected  probably  by  other  influences  not  so 
easily  recognised,  its  changes  and  gradations  deviate  widely  from  the  simple  rules 
deducible  from  geographic»Bil  position.  *  The  lines  marking  certain  d^rees  of  mean 
temperature,  of  summer  heat  and  of  extreme  cold,  do  not  run  in  parallels  of  lati- 
tude ;  nor  are  they  parallel  to  one  another,  but  diverge  as  we  proceed  from  W.  to  £• 

3.  The  lines  above  described,  and  which  are  denominated  respectively  Isothermal, 
Isotheral  and  Isocheimal,  are,  notwithstanding  their  apparent  irregularity,  the 
fixed  boundaries  of  very  interesting  natural  domains ;  for  they  mark  out  the  several 
zones  of  vegetable  life,  and  the  regions  suited  to  the  cultivation  of  different  kinds 
of  plants. 

4.  To  the  determination  of  these  lines  may  be  added  observatbns  of  some  other 
pheenomena  which  also  contribute  to  ascertain  the  conditions  of  vegetation ;  as  rain« 
Its  quantity  at  diffierent  seasons ;  humidity  without  rain  ;  the  temperetore  of  the 
earth  ;  its  form,  conducting  and  radialting  properties,  &c. 

6.  A  knowledge  of  these  particulars  can  only  be  derived  from  observations  in 
sufllcient  number  systematically  made,  and  referable  to  a  common  standard. 

6.  The  phsenomena  of  physical  geography  may  be  considered  as  determined  in  a 
general  way  for  the  north  ol  Europe  (Denmark),  and  for  the  south  of  Europe  also 
(Italy),  by  Schouw ;  and  for  eastern  Europe  (Russia)  by  Baer  and  Kupffer.  For 
western  Europe,  or  the  British  Islands,  numerous  observations  of  this  kind  act  in- 
deed on  record ;  yet  they  still  want  completeness,  minuteness,  and  uniformity ;  nor 
has  any  attempt  been  inade  to  arrange  them  systematically  with  a  view  to  popular 
use. 
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7.  Tlie  anomalies  characteristic  of  the  western  or  oceanic  climate  increase  rapidly 
towards  its  furthest  limit.  There  is  a  wide  difference,  in  respect  of  climate*  between 
the  Isle  of  Thanet  and  Limerick  or  Clare ;  between  Norfolk  and  Sligo.  lliis  is 
clearly  expressed  by  the  changed  aspect  of  indigenous  vegetation  as  we  go  west* 
wards  towards  the  Atlantic.  The  exact  registration  of  those  differences  would  be 
the  means  of  developing  and  revealing  the  natural  laws  to  which  the  labours  of  the 
husbandman  are  unquestionably  subject. 

8.  Where  the  constants  of  climate  are  fbll^  ascertained,  the  vigorous  growth  of 
every  kind  of  plant  will  be  found  to  be  restricted  within  limits  which  depend  on 
obvious  and  assignable  conditions,  and  the  region  suited  to  the  cultivation  of  any 
plant  may  be  accurately  defined.  Or  we  may  reverse  the  process  and  tell  the  ca- 
pabilities of  any  region. 

9.  But  in  the  absence  of  this  kind  of  knowledge,  agriculture  is  necessarily 
founded  to  a  great  degree  on  imitation,  without  any  reference  to  natural  limits. 
Examples,  recommended  by  success,  are  followed  in  situations  where  similar  suc- 
cess is  unattainable.  Owing  to  the  vague,  indeterminate,  uncollected  and  unar- 
ranged  condition  in  which  the  data  whereon  the  agriculturist  ought  to  found  his 
caloilations  at  present  lie,  he  must  either  practice  empirically  or  imitate  servilely ; 
and  he  is  constantly  misled  by  examples,  from  want  of  the  means  of  divesting  them 
of  &llacy,  by  estimating  accurately  the  local  element  of  their  character.  Through- 
out the  British  Isles  the  climate  varies  far  more  than  the  system  of  agriculture ;  yet 
the  farmer  may  reasonably  expect  to  find  his  labours  more  profitable  the  more 
closely  his  system  harmonizes  with  nature. 

10.  The  steady  progress  of  scientific  agriculture  must  be  preceded  by  the  deter- 
mination of  the  constants  of  climate.  The  discoveries  of  the  chemist  may  then  be 
turned  to  account  by  the  farmer,  when  we  shall  be  able  to  state  in  a  definite  and 
authentic  manner,  the  natural  conditions  of  every  spot  of  land  in  the  kingdom. 

11.  The  time  is  now  come  when  every  country  must,  with  a  view  to  profit, 
strenuously  endeavour  to  confine  itself  to  that  kind  of  cultivation  for  which  nature 
has  especially  adapted  it ;  otherwise  it  must  be  a  loser  in  the  general  and  free  com- 
petition. Tlie  loss  of  protection  is  the  loss  of  an  artificial  and  forced,  and  there- 
fore, abstractedly  speaking,  a  bad  system.  If  this  truth  be  understood  and  acted 
on  by  the  farmer,  the  result  will  be  an  increase  of  production  more  than  counter- 
balancing the  supposed  loss. 

12.  At  the  same  time  there  has  taken  place  an  increase,  in  an  almost  miraculous 
degree,  of  the  facilities  of  internal  communication,  extremely  favourable  to  that 
more  active  system  of  interchange  which  must  be  expected  to  arise  whenever  agri- 
culturists, quitting  the  trammels  of  a  uniform  routine,  learn  to  take  advantage  of 
every  natural  capability  throughout  the  United  Kingdom.  It  is  now  no  longer 
necessary  or  expedient  that  the  farmer  should  be  guided  by  the  demands  of  Uie 
market  in  his  own  locality.  The  east  and  west  can  now  exchange  produce  without 
delay  or  difficulty,  and  will,  no  doubt,  frequently  find  their  profit  in  so  doing. 

13.  In  setting  forth  the  demarcations  of  climate  within  the  British  Islands,  it 
would  be  desirable  to  enumerate  at  the  same  time  all  the  useful  plants  and  objects 
of  culture,  in  different  parts  of  the  world,  which  seem  capable  of  flourishing  within 
the  limits  described.  This  kind  of  knowledge  has  a  tendency  to  correct  the  spirit  of 
routine  and  obstinately  contracted  views  which  render  farmers  at  times  so  indocile. 

14.  Tlie  constants  of  climate,  with  all  other  physico-geographical  data,  and  the 
necessary  collateral  information  carefully  and  clearly  arranged,  so  as  to  be  easily 
and  universally  applicable,  ought  to  be  published  in  tiie  cheapest  possible  form,  and 
given  to  the  people,  ^^ 

On  the  Georama.    By  M.  Guerin. 

The  author,  acknowledging  the  invention  of  a  Georama  to  be  due  to  M.  Langlard, 
in  1825,  stated  the  objects  he  had  in  view  in  attempting  to  execute  this  great  re- 
presentation of  the  globe,  and  the  success  which  he  had  met  with. 

M.  Guerin  had  established  in  Paris  this  method  of  teaching  geography,  by  p< 
traying  on  a  large  scale  the  actual  features  of  the  land  and  sea,  and  oflfered  reas 
in  favour  of  an  effort  to  introduce  the  georama,  and  the  system  of  instruction  r 
nected  with  it,  in  London. 
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ZOOLOGY  AND  BOTANY. 

General  Ob»tfwUhn$  on  the  Oeographiccd  DiOnbiakmcfAe  PlataefhuSia, 
with  Remarht  &n  the  Vegeta^on  €f  its  Lahee*,    By  Prof.  Rotls,  MJ). 

The  author  stated,  that  though  the  plaint  of  India  were  generalljr  considered  to 
support  only  tropical  vegetation,  yet  this  diflered  very  much  both  in  the  diflcreat 
parts  of  the  country  and  at  different  seasons  of  the  year.    The  plauw,  moreofer, 
might  be  distinguished  into  moist  and  dcy ;  in  the  former,  embankmeots  were  re- 
quired to  prevent  inundation ;  and  in  the  latter,  canals  for  irrigation.    In  the  nioj 
season,  however,  most  parts  supported  a  tropical  vegetation,  aM  rice  could  be  mo- 
cetsfullv  cultivated.    So  in  particular  localitiesi  covered  with  primaeval  forests,  some 
tropical  plants  extended  even  to  some  of  the  hot  valleys  in  the  neighbourhood  of 
Cashmere.    In  the  cold  weather,  however,  that  is  in  the  winter  season,  some  Boro- 
pean  plants  make  their  appearance  in  the  plains,  especially  of  North-west  India; 
and  wheat  and  barley  are  as  successfully  cultivated  as  in  Europe.    So  in  ascendriy 
its  mountains,  especially  the  Himalayas,  every  variety  of  vegetation  is  met  with. 
almost  as  much  as  in  proceeding  from  the  equator  to  the  poles,  being  perfectlv  tropicsl 
at  the  base,  European  on  the  ascent,  and  polar  at  the  summits  of  its  lofty  peaks. 
The  mountains  however  are  also  under  the  inOuence  of  the  rainy  aeasoo,  and  sre, 
indeed,  for  a  great  part  of  the  season  covered  with  a  canopy  of  clouds  in  consequence 
of  the  air  heated  and  loaded  with  moisture  in  the  valleys  rising  to  an  elevBtioo 
where  the  temperature  is  below  the  point  of  deposition  or  dew-point.    Cooaiderable 
uniformity  of  temperature  and  moisture  is  proouced,  in  consequence  of  there  bdu^ 
little  cooling  at  night  and  but  little  heating  during  the  day,  from  the  sun  hcisg 
unable  to  penetrate  the  cloudy  canopy,  and  we  therefore  see  some  of  the  Balsamst 
Scitaminete  and  Orchidess  flourishing  at  elevations  where  they  could  not  exist  for  a 
day  during  the  diy  heat  of  summer  or  the  piercing  cold  of  winter. 

In  so  extensive  a  territory  and  diversified  a  climate  there  is  necessarily  a  numeroos 
and  a  varied  flora.  The  known  species  of  the  Indian  flora  are  about  10,000  ia 
number,  the  migurity  of  course  characteristic  species,  but  on  the  Himalaya  of  sa 
European  type.  The  vegetation  of  the  diflerent  parts  of  the  Indian  empire  bean  a 
resemblance  to  that  of  ditterent  countries  where  there  is  a  similarity  of  climete,  aod 
about  1^0  species  which  are  found  in  the  plains  and  mountains  of  India,  also  occur 
in  other,  some  of  them  very  distant  parts  of  the  world.  The  vegetation  of  diffiereot 
tropical  countries  is  very  similar,  and  they  are  subjected  to  the  influence  of  the  saoe 
physical  states.  The  affinity  is  very  perceptible  between  the  botany  of  the  southen 
parts  of  India  and  that  of  the  Indian  Archipelago;  the  same  thing  occurs  with  the 
nora  of  southern  China ;  this  therefore  resembles  that  of  southern  India.  Mr.  Brovn 
long  since  remarked  that  about  !S00  species  of  the  Australian  flora  are  also  found  la 
the  islands  of  the  southern  Pacific  as  well  as  in  India.  Dr.  Jack  obsert ed  at  SiB> 
gapore  many  renurkable  points  of  coincidence  between  its  productions  and  those  of 
continental  and  western  India  on  one  hand,  and  the  islands  of  the  £astem  Ar- 
chipelago on  the  other  |  while  the  prevalence  of  some  Epacrideae  connected  it  widi 
that  of  New  Holland.  The  botany  of  a  great  part  of  tne  drier  parts  of  Indk  bit 
a  great  resemblance  to  that  of  the  west  coast  of  Africa,  as  originally  remarked  bf 
Mr.  Brown,  who  ascertained  that  there  were  about  40  species  common  to  thoie 
distant  regions.  Dr.  Royle  in  the  same  way  remarks  a  correspondence  between  die 
flora  of  Egypt  and  that  of  the  drier  parts  of  northern  India,  and  also  that  some  oc 
the  characteristic  forms  of  the  Mediterranean  flora  approach  iu  n<»th»westen 
frontier. 

The  Himalaya  mountains  have  a  tropical  vegetation  at  their  base  amd  in  their 
valleys.  At  elevations  of  6000  and  7000  feet,  the  climate  is  temperate,  and  the  flon 
corresponds  with  that  of  European  regions  and  of  the  Caucasus,  both  in  its  arboreoe 
and  herbaceous  vegetation^  and  in  the  prevalence  of  many  of  the  same  species  whidi 
are  found  here  in  our  fields.  Among  them  also  are  several  genera,  which,  undltbe 
last  few  years,  were  thought  to  be  peculiar  to  China,  and  others  to  Morth  America. 

*  This  communication  was  msde  to  the  Association  at  Cambridge  in  1846,  and 
dentally  omitted  la  the  Report  for  that  year. 
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Se^erftli  indeed,  of  the  tpeciei  are  identical  witli  thote  found  in  tbeie  dlitant  conn- 
triet»  eaparated  on  one  hand  br  the  cold  and  arid  deiertt  of  Tartaryi  and  on  the  other 
by  the  hot  and  equally  arid  plaini  of  India  and  of  Africa,  at  well  as  the  utu  Some 
of  the  peal»  howe? er.  having  the  charactervitics  of  polar  climatef,  have  aUo  that  of 
the  vegetation  i  and  it  is  curious  to  see  all  the  families  and  many  of  the  same  genera 
on  these  isolated  pealts  and  the  remote  Melville  Island.  The  northern  face  of  the 
Himalaxaii,  or  the  Tibetan  reffioui  has  th,e  closest  resemblance  in  its  genera,  and  even 
many  of  Its  species,  to  that  of  the  Atlas  mountains  and  of  Siberia,  with  a  sprinkling 
of  the  Mediterranean  flora.  The  autiior,  having  taken  this  general  view,  remarked 
on  the  correspondence  between  the  vegetation  of  even  distant  countries  wherever 
there  was  a  correspondence  in  climate,  and  called  attention  to  the  curious  reiem»> 
blance  in  the  belts  of  vegetation  at  diArent  elevations  on  the  Himalayas  with  that 
of  different  latitudes,  as  detailed  in  the  aethor's '  Illustrations  of  Himalayan  Botanr.' 
Dr.  Royle  inquired  with  reference  to  some  of  the  geological  explanations  of  successive 
elevations  of  mountain  ranges— at  what  period  the  vegetation  of  the  peaks,  for  in- 
atance,  came  to  resemble  that  of  polar  regions  ? 

Amon^  the  various  subjects,  Or.  Royle  stated,  to  which  he  might  draw  the  notice  of 
the  Section,  there  was  one,  he  thought,  particulariy  worthy  of  the  attention  of  those 
favourably  situated  for  making  observations  %  and  that  was  the  thick  vegetation  which 
clothes  the  eurfaceof  many  of  the  lakes  of  India.    Dr.  Royle  stated  that  be  himself 
having  been  chiefly  in  the  north  of  India,  had  not  seen  this  vegetation  to  the  extent 
in  which  it  existed  in  the  more  southern  parts  of  India ;  but  even  there  it  was  sttffl- 
ciently  substantial  to  support  numbers  of  the  smaller  Oralis,  and  amone  them  the 
Chinese  Jacana.    But  having  on  one  occasion  been  detained  on  the  banks  of  some 
of  these  lakes  on  the  north-west  of  Bengal,  he  had  been  much  struck  with  the  thick 
and  varied  vegetation  of  the  floating  massei  with  which  their  surfaces  were  covered. 
These  consist  of  numerous  stems,  leaf  and  floweratalks  of  a  variety  of  plants  olosely 
interlaced  and  matted  together,  the  younger  parts  requiring  both  light  and  air  fbr 
the  performance  of  their  functions,  finding  their  way  to  the  surface  |  while  the  older 
are  pushed  downwards,  when  the  more  herbaceous  parts  rot  and  decay,    Amont 
these  plants  are  most  of  the  genera  and  some  of  the  species  even,  which  are  found 
in  similar  situations  in  £urope}  but  with  them  such  plants  as  JBichynomtiut  iup&ru 
with  its  thick  cellular  stem,  CbtiM/eii/ai  MfaAi,  HerpHUi  MamUira^  and  UMetJatim 
MhUmriM^  MonUim  qnadrifo&m^  DrvpmtUpinoia  and  6lconil»,  with  spedesof  Fu/y^oniMi 
and  DjfiophyUm  etfrftcilAsta.    The  last  is  particularly  interesting  from  Its  long  Jointed 
and  itriated  stem  with  iti  whorls  of  leaves.    Of  most  of  them  it  may  be  obnerved  that 
they  have  little  or  no  root ;  the  floatine  stems  are  long  and  slender,  v«ry  cellular,  with 
the  vascular  bundles  arranged  round  the  circumference,  with  little  or  rather  with  no- 
thing like  bark.  By  Dr.  Buchanan  Hamilton  these  lakes  have  been  seen  of  much  greater 
extent,  and  covered  with  a  much  more  dense  vegetation,  so  much  so.  Indeed,  that  he 
describes  the  floating  mawes  to  be  luificiently  substantial  for  cattle  to  graze  upon  the 
grasses  with  which  they  became  covered,  but  that  occasionally  some  fall  through  and 
are  lost.    He  describes,  moreover,  some  bushes  and  trees  as  growing  in  the  midit  of 
the  wtXtt,  and  among  them  a  Rose,  a  Barringtonia,  and  a  Cephalanthus* 

it  is  hardly  possible  to  witneis  inch  vegetation,  without  calling  to  mind  tome  of 

the  explanations  given  of  the  formation  of  coal  In  the  ancient  periods  of  the  world, 

and  of  the  indications  often  prevented  to  us  in  coal  fields  of  a  tropical  vegetation,  in 

situations  where  no  tropical  plants  could  now  grow.    But  without  proceeding  AiN 

ther,  it  is  interesting  to  compare  the  vegetation  of  these  lakes  with  that  of  the  Indian 

coal-fields  of  Burdwan,  which  are  in  their  immediate  vicinity.    The  first  thing  that 

will  strike  an  observer  Is,  that  there  is  no  remarkable  diflerence  between  what  was 

the  former  flora  of  these  localities,  and  what  might  take  place  at  the  present  day. 

Ont  ^ai  difference  is  certainly  observable  in  the  Indian  coal-fields,  and  that  is  the 

immense  mass  of  ferns  of  which  thev  leem  to  be  composed,  while  no  ferns  are  at 

present  found  in  their  neighbourhood!    This  however  is  owing  to  the  country  and 

the  plains  of  India  generally  being  open,  and  therefore  extremely  hot  and  dry  fbr 

some  months  in  the  year.    One  fern,  AtpUmwn  radiatum^  is  found  near  Delhi,  in  the 

sides  of  well^  in  the  peninsula  of  India,  and  also  in  Arabia.     CheUanthei  dealbuia  and 

LjffQdUm  mietophylium  occur  in  the  neighbouring  Rajrouhl  hilU.    But  in  the  sam^ 

latitude^  and  not  very  diatant»  where  the  country  ii  covered  with  forests^  pfodiieiot 
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shade  and  moisture,  numerous  ferns,  and  even  tree  ferns  are  found,  as  in  Silfaet. 
The  strata  of  the  Burdwan  coal-hasins  of  Ranigunge  and  Chinakooree  yielded  the 
author  abundant  remains  of  the  Ranigunge  reed,  Vertebraria  mdica,  the  niarsileaceous 
penus,  TMzygia  specioM,  and  species  of  Pecopteris,  Glossopteris,  &c.  G,  Browmana 
is  interesting  as^having  been  found  in  these  coal-fields,  and  according  to  Brongniart, 
in  New  Holland,  in  the  coal  of  the  Hawkesbury  river,  near  Port  Jackson.  Zanna 
Buehanani  has  also  been  found,  and  a  palqi  which  has  been  called  Zeugophi^Uiet 
calamoUet,  With  a  little  more  moisture,  or  even  the  umbrageous  covering  of  a 
forest,  these,  and  other  similar  plants,  would  grow  with  luxuriance  in  these  localities. 
Seeing  therefore  that  heat,  with  mobture,  is  capable  at  the  present  day  of  sup- 
porting a  vegetation  similar  to  that  of  coal-fields,  it  would  in  ancient  times  only  have 
required  the  presence  of  heat  and  moisture  for  the  vegetation  of  coal-fields  to  have 
nourished.  If  the  mass  of  the  earth  was  in  ancient  times  of  a  higher  temperature, 
as  i|  inferred  from  many  geological  and  zoological  phaenomena,  it  is  evident  that, 
water  being  present,  copious  evaporation  would  necessarily  take  place  as  it  now  does 
in  tropical  countries.  If  the  internal  heat  were  uniform  at  different  points  of  the 
globe's  surface,  then  would  the  evaporation  be  uniform,  and  there  would  be  an 
absence  of  those  upper  and  lower  currents  of  the  atmosphere  which  now  carry  the 
heated  and  moisture^loaded  air  of  the  tropics  to  polar  regions,  and  send  the  cold  tor 
of  the  latter  towards  the  equator.  As  the  air,  loaded  with  moisture,  ascended  into 
the  atmosphere,  it  would  at  length  reach  an  elevation  where  the  reduction  of  tem« 
perature  would  proceed  beyond  the  point  of  deposition  of  moisture,  and  the  whole 
of  what  had  been  raised  by  the  aid  of  heat  and  air  would  he  constantly  depositing  in 
the  form  of  clouds  and  rain.  Moisture  would  thus  everywhere  be  preserved,  and 
the  cloudiness  from  the  steady  action  of  the  heat  below  and  of  the  cold  above  would 
necessarily  also  be  constant.  This  would  produce  unifbrmity  of  temperature ;  for 
radiation  from  the  surfiice  would  be  obviated,  and  the  solar  rays  would  not  penetrate 
the  cloudy  canopy  more  than  they  do  in  rainy  weather  at  the  present  time.  In 
each  a  climate,  tropical  plants  would  be  able  to  grow  equally  well  in  any  latitude, 
and  there  might  be  intermixed  with  them  many  others  to  which  dryness  was  not 
essential.  In  conclusion,  the  author  remarked,  such  a  cloudy  canopy  may  be  observed 
to  a  partial  extent,  even  in  the  present  day.  Humboldt  has  described  it  as  occurring 
on  the  Andes ;  the  author  had  himself  observed  it  for  days  together  on  the  Hima- 
layas, and  partially  so  during  the  whole  of  the  rains ;  Dr.  M'Clelland  and  others 
have  described  it  as  occurring  for  months  together  in  the  valley  of  Assam.  If  it  ex- 
isted in  northern  regions  in  early  times,  and  the  sources  of  heat  were,  as  Dr.  Royle 
assumed,  internal,  dien  could  tropical  vegetation  not  only  exist  in  polar  r^ons 
during  the  summer  season,  but  it  would  not  be  destroyed  in  winter.  Growth  would 
only  be  stopped,  as  in  the  present  day,  during  the  darkness  of  night.  As  the 
internal  heat  diminished  and  receded  from  the  surfiice,  the  cloudy  canopy  would  by 
degrees  be  at  a  lower  and  a  lower  elevation,  until,  like  the  snow-line  of  the  present,  it 
would  be  at  the  surface  of  the  earth  in  high  latitudes.  These  regions  would  become 
as  they  are  now,  and  immediately  under  the  influence  of  external  cold,  and  thus 
a  glacial  might  succeed  a  tropical  vegetation.  In  situations  where  a  lofty  pei^ 
raised  itself  above  the  canopy  of  clouds,  it  would  become  exposed  to  the  cooling 
effects  of  radiation,  and  would,  as  in  the  present  day,  attract  to  itself  and  condense 
much  of  the  floating  moisture  of  the  atmosphere,  and  give  origin  to  mighty  and  rapid 
rivers,  which  would  plough  the  mountain  side  and  overspread  the  level  plain. 


A  Synopsis  of  the  dassfficeiHon  of  (he  Genera  ofBriiish  Birds. 
By  John  Hogo,  ilf.-4.,  FJLS.,  FX.S^  Sfc. 

The  author,  having  completed  his  classification  of  birds,which  has  been  carried  out 
on  Uie  same  principles  as  that  portion  published  in  the  Report  of  the  Fourteenth 
Meeting  of  the  British  Association,  although  in  some  respects  modified  froi^  it,  gave 
in  this  communication  his  arrangement  of^the  genera  of  the  birds  hitherto  met  with 
in  the  British  Islands. 

It  will  be  seen  that  he  has  been  compelled  to  increase  the  famiUest  and  that  he 
has  not  inserted  the  subfmniGes,  esteeming  them  unnecessary,  and  as  too  much 
leogthening  the  classification.    The  author  ^'"  ^''"  -^ery  careful  in  the  choice  of  the 
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^Mrntp  BDd  he  tnistt  it  wHI  be  found  that  he  has  only  retained  those  which  are  really 
distinct ;  and  whilst  he  has,  after  due  consideration,  thought  it  requisite  to  add  to 
the  number  of  those  which  British  ornitholoetsts  usually  employ,  he  has  at  the  same 
time  reduced  those  too  numerous  genera  of  certain  authors,  and  especially  of  the 
Prince  of  Canino,  Likewise,  with  regard  to  9ubgenera,  the  use  of  which  the  author 
must  alwavs  maintain  to  be  extremely  disadvantageous  to  science,  he  has  wholly 
omitted  all  notice  of  them. 


Class  IL  AYES. 

Subclass  I.  AvES  Constrictipedes. 

Division  I.  TERRBSTREa 

Order  I.  RAPToass. 
Tribe  1.  Plamcerirottret, 
Subtribe  1.  Diurm, 
Family  1.  SarcoranqtkidiS. 

Genus  Neophron, 
Family  S.  FuUurida, 

Genus  Gyps. 
Family  3.  AqidUdce, 

Genera  HaUdeiui,  Aqmh^  Pan* 
dsofi. 
Family  4.  Fakonidce, 

Genera  Fako^  AccipUer,  Attur, 
MUvut,  Nauclerus. 
Family  5.  BuieomeUe, 
Genera  Buteo,  Perms,  drcut, 
Sirigiceps» 
Tribe  2.  Tecticerirostret. 
Subtribe  S.  Noctumi. 
Family  I.  Sirigida, 
Genera  Surnia,  Nyctea,  Strix, 
SyrmuMf  Athene, 
Family  2.  Bvbomdce. 
Genera  Bubo,  Otut,  Scops, 

*Order  III.  Insvssohss. 
Tribe  1.  Curvirostres, 
Subtribe  1.  Scansores, 
Family  Cucttlida, 

Genera     Cucului,    Oxt^hus, 
Coccyzus, 
Tribe  2.  Cuneirostres. 
Family  1.  Picidee, 

Genera  Dryotomus,  Pious,  Jynx, 
Family  2,  SiUkUe. 
Genus  Sitia. 
Tribe  3.  Comrostres. 
Subtribe  2.  Oamatores, 
Family  1.  Coradadid^. 

Genus  Coracias. 
Family  2.  Corvidce, 

Genera  Garndus,  Piea/Nuci- 
Jraga,  Corvus,  Freyilus, 
Subtribe  3.  Caniatores, 
Family  3.  Siumida. 

Genera  Stumus,  Pastor,  Age- 
iaius. 


Family  4.  Lojeiada, 
Genera  Loxia,  Pyrrhtda,  Cory* 
thus,  Coccothraustes, 
Family  5.  FringUlidte, 

Genera   Passer,  lAmota,  Car^ 
duelis,  FringUla, 
Family  6.  Emb^rmda. 
Genera     Emberka,     Plectro* 
phones. 
Family  7*  AkmdideB. 
Genera  Phileremus,  Alauda,  Ga^ 
terida. 
Tribe  4.  Dentirostres, 
Family].  Anthid€e, 

Genus  Anthus, 
Family  2,  MotacUUdx, 

Genera  Budytes,  MotacUia. 
Family  3.  Parida. 
Genera    CaUtmophilus,   MeeiS' 
tura,  Parus, 
Family  4.  Aedomda, 
Genera  Reguius,  MeUsopkUus, 
Sylvia,  Curruct^  Aedon,  8a^ 
Ucaria,  Accentor, 
Family  6.  Saxicoiida, 
Genera  Phondcura,  Eritkacus, 
Sagicoia,  VUifiora* 
Family  6.  AmpeUdid^e, 

Genus  BombyciUa, 
Family  7,  MeruUdee. 

Genera    Oriolus,    Beematomis, 
7\ir<fttf,  Petrodncla,  Merula, 
Cindus, 
Subtribe  4.  Latrones. 
Family  8.  Lamada, 

Genera  Lanius,  CoUurio, 
Family  9.  Muscicapida, 
Genus  Musdcapa, 
Tribe  5.  Tenuirostres. 
Subtribe  5.  Anisodactyli, 
Family  1.  Certhiadce. 

Genera  TVoglodytes,  CerMa* 
Family  2,  Upupida, 
Genus  Upupa, 
Tribe  6.  Fissirostres. 
Subtribe  6.  SundactyU, 
Family  1.  Halcyomd€B, 

Genus  Alcedo, 
Family  2,  Meropidte, 
Genus  Merops. 


*  The  author's  Order  IT.  Prehentoret  entirely  consists  of  foreign  birds,  which  belong  to 
Genus  Psittaeus  of  Linnieiis.  His  proposed  divisions  of  this  order  are  given  in  Jamet 
Edinburgh  Phil.  Journal  for  July,  1846. 
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Subtribe  7*  Mlodactj/H, 
Fnmiljr  3.  HirunttijUtk^, 
Genera  Cypselu$,  Pr^)^^^  Hh- 
rundo,  Chelidofh 
Family  4.  CaprimulgUkg, 
Genus  CaprimtUgtu, 
Tribe?.  Cutinanroitres, 
Subtribe  8.   Gyraiorei. 
Family  Columbida, 

Genera  Colurhba,  Turiur^Edo* 
pitta. 

Subclass  II .  Atsb  Inconbtaictipbdbs. 

Order  IV.  RAsoais. 
Tribe  Convejrirottrei. 
Subtribe  1.  Podareeeg. 
Family  1,  Phatianidm. 

Genus  PAatianw. 
Family  2.  Tetraonidm. 

Genera  TVtrao,  Lagoput. 
Family  3.  Perdicidee, 

Genera  PerdUe,  Ortygfiotundx.. 
Family  4.  Htmipodiadm, 
Genus  Hmnipodiui. 
Subtribe  2.  Podenend, 
Family  5.  Otidida. 
Genus  OHa, 

Division  II.  AQVKTICM, 

Order  V.  Gralu^tores, 
Tribe  1.  Pr^mrottrei. 
Subtribe  1.  Vuriores, 
Family  1,  Charadriadm. 
Genera  CEtUcnemutt  Cwnoriui, 
CharadriM. 
Family  2.  VanelHdtg, 
GenerR    Squalarola,    Vanelliu, 
GhreQla,  Slrepnku, 
Family  3.  Hamaiopodida, 
Genus  H^matoptts, 
Tribe  2.  CuUriroitrei. 
Subtribe  9»  Ambula1or€$n 
Family  1,  Gruidof, 

Genus  GruM, 
Family  2.  ArdMai. 
Genera  Chonia,  ArdM^  Ardeola, 
ErogOM,  Nyctioorax* 
Tribe  3.  SpMuUroitre9. 
Family  PhtaUnda, 
Genus  Piatal^' 
Tribe  4.  Longiroatrfi, 
Family  k,  Tanlalidm. 

Genus  JbU. 
Family  2.  HecurviroitrUtt. 

Genus  Recurvirottra* 
Family  3.  NumeniadiS, 

Genera  LlmoHt.  Numemu». 
Family  4.  Scohpacida, 
Genera  Totanut,  Machet€9,Ru9' 


ikida,  9c9hp^»  MwroMii^i 

Family  d.  Pkt&rcpodidm, 

Oeneri  Pkataroputt  Lobipe^^ 
Family  6.  CMdridm. 
Genera  Hmmtopui,  CaMri$. 
Tribe  5.  Dioerw^oHr0§^ 
Subtribe  3*  MacrodactyH, 
Family  Eallidaf. 
Genora  RaUut,  Crex,  ZflyMfUMk 
Tribe  6,  FrontiMC¥tiratre$^ 
Family  FuUddtB. 
Genera    Gai&mda^  Ppyylyrfo^ 
Fttiiem. 

Order  VI.  Natatorss. 
Tribe].  LameUiroitra* 
Subtribe  1,  SimpUdpoKees. 
Family  1.  Amerijltg, 

GenenEcndcki^AnMerf  C^gmwy 
Plectronterut^  Chenaiopex, 
Family  9.  Anatida. 
Genera  Tadorw^,  EhynchatpU, 
QhauHodm^  DafilOf  Anas,  Ma- 
rec€L 
Subtribe  f  .  MemhratdpoUka* 
Family  3.  Puiigulidof. 

Genera  Clangula^  H^rMa,  Ftdl' 
gula,  CEdemiaf  Sinnateri9» 
Tribe  2.  Serrirosirei. 
Family  1.  M^rgidce, 
Genera  Mergut,  Mergtnuer. 
Subtribe  3.  ThUpabna. 
Family  2.  Carlnmid^* 
Genera  Carbo,  Sula, 
Tribe  3.  TMnarirottrex, 
Subtribe  4.  Ifingiptiwn* 
Family  Proc€ihriad4f, 

Genera    ProcelhriOf   Pt^fmtM, 
Thalaitidnma. 
Tribe  4,  M^dkwwiroHr^. 
Family  Laridm. 
Genera  Ca^racto»  Letiria,  Itth 

Tribe  5,  SubvUrottrti. 
Family  SUffdim* 
Genera  Antmit  VvnhfUt  Pmdo^ 
chelidon^  ^$tma* 
Tribe  6.  CuspUHrotires. 
Subtribe  5*  Brmripermeg^ 
Family  1.  Podioipidm^ 

Genus  Podictp*, 
Family  2,  Offymbidm. 
Genera  OffyvUmi^  Uria. 
Tribe  7.  Svkir^tra. 

Family  1,  Momwmdmi 
Genera  iilifrfK^t  Momwn,  UU^ 
mania. 
Subtribe  6.  ImperfecHpetmei, 
Family  2.  AktotM. 
^enm  Aha. 
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Liii€fik€  Name$  ^Periodieal  Birdt,  and  ths  daiu  of  ihmr  appearance  and 
ditappearancey  at  lAanrwst^  in  North  Wales.    By  Johv  Blackwall, 

Mr.  Gould  txhibited  serend  new  tpeciet  of  httmiiiing4Nrds  from  the  Andes. 


On  tie  Fi^uree  efBvrde  cbterved  on  a  Tomb  at  MemphU.   By  J.  Bovomi. 

Since  hit  last  communication  the  author  had  received  the  following  note  from  Mr. 
Moreing  .* — **  The  gigantic  nests  to  which  you  refer,  were  seen  hy  roe  in  the  yean 
1829  and  1830,  during  the  time  I  was  attached  to  the  Surveyine  Expedition  in  the 
Red  Sea.  1  do  not  remember  having  seen  them  to  the  south  or  Cossier,  but  to  the 
oorth  of  that  town,  and  about  the  entrance  to  the  Sea  of  Suez,  I  observed  many. 
They  were  always  situated  on  the  small  s^ndy  spits  and  islands  with  which  the  Red 
Sea  abounds ;  but  you  are  mistaken  if  you  suppose  them  to  be  entirely  the  work  of 
the  birds  which  breed  in  them.  Thev  varied  both  in  size  and  height,  and  were 
evidently  formed  in  the  first  instance  oy  the  wash  of  the  sea  heaving  up  pieces  of 
broken  coral,  drift  wood,  and  other  rubbish  on  the  extremity  of  a  sand  spit.  The 
birdu  added  to  the  mound  thus  formed ;  and  placed  their  nests  on  the  top,  to  pro^ 
tect  themselves  from  the  spray  in  rough  weather.  J  am  not  clear  as  to  the  species 
of  bird  whirii  make  use  of  these  singular  nests,  but  believe  that  more  than  one  kind 
of  gull  avail  themselves  of  the  security  thu»  oflered.** 


On  the  Crama  efteoo  epeeiee  of  Crocodile  from  Sierra  Leone. 
By  H.  Falconer,  mJ).  and  W.  Thompson*. 

CroeodUui  eataphrmctue^  Cor.  and  C  vmigerit,  Cav.  (var.  C.  DtunerU  jwd  Bibroo)^ 
were  the  apeeiea  ootieed ;  the  craoiuai  of  the  ibmaer,  divested  of  ill  integuments, 

being  now  for  the  first  time  described.  The  differences  between  the  cranium  of  the 
latter  and  that  of  allied  species  were  noticed  in  detail  in  the  paper,  which  was 
illustrated  by  figures  of  the  crania  of  the  two  forms  from  Sierra  Leone,  whence  the 
specimens  were  brought  by  Dr.  MKUormae  of  Belfast,  and  presented  t^  him  to  the 
museum  of  that  town.  

Recollections  of  Researches  into  tie  NaJturai  and  Economic  History  <f  certain 
Species  of  the  CiupeadcBy  Coreyoni,  and  SalnumidcB.  By  R.Knox,  MJ). 

The  author  stated  that  bk  ol^ect  was  to  bring  before  the  Association,  and  a/ler* 
wards  befiu^  the  Academj^  of  Sttieaces  of  Paris,  a  brief  view  of  the  inquiries  made  by 
bimseli  and  his  brother  into  the  natural  history  of  certain  important  gregarious 
fishes.  His  ditcevery  that  the  food  of  the  Vendace  or  Ven^gis,  of  l^ochmaben,  con* 
siated  exclusively  of  the  nuoute*  or  rather  niicroncopic  Entomostraca  Inhabiting  the 
Ukes  of  Lochmaben,  was  first  comomaicated  to  the  Royal  Society  of  Edinburgh^ 
This  discovery,  which  at  the  time  appeared  to  the  author  and  to  a  iew  others  of  tbf 
bigliest  importance  in  natural  history  science,  had,  in  his  opinion,  been  misunderstood 
by  the  public,  and  by  most  naturalbts  to  whom  he  had  spoken ;  they  adhering;  to 
the  old  opinion,  that  certain  fishes^  to  be  afterwards  spoken  of,  pre;^ed  on  the  Ento- 
mostraca merely  occasionally;  at  other  times  on  smaJl  shell-fish,  animalcules^  minute 
or  small  £shes,  Slc,  just  as  they  could  get  them ;  which  opinions  the  author  endea- 
voured to  show  were  contrary  to  tibe  facts.  Alter  discovering  that  fishes  so  num^ 
rous,  so  productive  and  of  such  a  size  as  the  Vendace,  subsisted  solely  on  one  de- 
scription of  food,  the  Entomostraca, — ^a  sort  of  food  over  which  man  can  exercise 
little  control,  especially  in  the  ocean, — ^the  author  knowing  that,  up  to  his  time,  the 
md  fiaod  oi  the  herring  and  of  several  other  species  of  fiidb  had  never  been  dk^ 
covered,  prosecuted  his  mquiries  into  this  imporunt  branch^  The  result  wm  th 
discovery  that,  whilst  the  Vendace  lives  exclusively  on  the  Entomostraca,  the  sr 
may  be  said  of  the  herring ;  that  is,  of  most  of  its  varieties.  The  finer  kinds  of ' 
trout,  also  the  Char,  live  chiefly  on  the  Enlomostraea.    Dr. Knox  gave  an  outfir 

«  V!Mishe4  in  M^  aceMUfuied  by  ilkvtBtians,  in  the  Asmsk  (tf  J^ 
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a  saperior  kind  of  trout,  which  he  thinks  has  not  been  described  by  naturalists ;  be 
calls  it  the  **  Estuary  Trout,"  brackish  waters  being  the  locality  it  prefers.  Its  food 
differs  from  all  others  he  has  examined.  Should  it  pro?e,  on  future  inquiry,  that  the 
brackish  water  is  the  limit  to  its  usual,  or  natural  range,  it  may  furnish  a  means  of  de- 
ciding on  some  difficult  legal  questions.  As  regards  the  celebrated  questions  raised 
by  the  Drumlanrig  experiments,  to  which  his  first  memoir  gave,  as  he  believes^  the 
exciting  cause,  Dr.  Knox  thinks  it  not  proved  that  the  salmon  smolt,  that  is  the  young 
salmon,  ever  remains  longer  in  the  river  than  a  few  weeks  after  rising  from  the  gravel ; 
^  and  thinks  that  the  opinions  founded  on  the  Drumlanrig  experiments  are  in  this  re- 
spect  erroneous.  2nd,  As  regards  the  question  of  the  parr,  no  new  fact  was  added 
to  its  previous  history  by  these  experiments ;  the  parr  markhigt,  which  may  be  again 
made  visible  on  scraping  off*  the  scales  of  the  smolt,  was  a  fact  well-known  to  anglers; 
who  at  the  close  of  the  day  found  it  difficult  to  say  which  were  true  parr  and  which 
salmon  smolts.  Mr.  Scrope  first  gave  a  beautiful  drawing  of  this  fact.  3d.  For  at  least 
a  hundred  years  the  opinion  that  the  parr  was  the  young  of  the  salmon  prevailed 
universally  in  Annandale.  4th.  Willoughby  had  proved  that  the  salmon-effi  may  be 
impregnated  by  the  milt  of  the  parr ;  an  experiment  curious  enough  physiologtcallyy 
but  otnerwise  of  no  practical  importance.  5th.  Mr.  Hogg  and  a  great  many  others  had 
marked  the  spring  parr,  and  found  that  they  returned  to  the  rivers  full-grown  salmon. 
Thus  no  new  fact  was  added  to  the  natural  history  of  the  salmon  by  the  Drumlanrig 
experiments.  The  author  declined  giving  a  decided  opinion  as  to  the  real  nature  of 
the  true  parr;  but,  so  far  as  his  observations  had  yet  gone,  he  believes  that  there  is 
a  fish  which  may  be  called  the  true  parr,  hitherto  confounded  with  many  other 
species  having  parr  markings ;  and  that  this  irue  parr  may  ultimately  prove  a  hybrid 
between  the  Mimon  or  salmon  trout  and  certain  species  of  river  trout.        ^ 


On  IheAppUcaHon  of  the  Methody  discovered  hy  the  late  I)^  ThibertfCfModd^ 
ling  and  Colouring  afier  Nature  all  kinds  of  Pishes.  By  R.  Kkox, 


These  models  were  shown.  They  consisted  of  the  Vendace,  the  mackerel,  the 
red. spotted  trout  of  England,  and  the  Lochmabeu  trout.  This  method  of  raodelliog 
will  ultimately  be  preferred  to  all  others ;  even  to  that  in  wax. 


On  the  Egg-pur^  and  Embryo  of  a  Species  of  MylvobaJtus. 

By  J.  Couch,  F.L.S. 

The  author  commenced  by  stating  that  the  eei^-purse  was  found  in  August  1845, 
in  the  refuse  of  a  trawl-boat  by  Mr.  Peach;  and  was  obtained  a  few  miles  south  of 
Fowey,  in  Cornwall.  Afler  mentioqing  how  little  is  known  of  the  egg-cases  of  the 
ravs  and  sharks,  he  minutely  described  it;  and  showed  the  difference  between  it  and 
others,  particularly  dwelling  on  the  structure  of  the  surface,  it  being  reticulated, 
whereas  all  the  other  eeg-purses  are  smooth.  In  the  egg-purse  was  a  living  young 
fish,  which  proves  to  belong  to  the  genus  Myliobatus  of  Cuvier,  characterized  by 
baving  the  pectoral  expansion  separated  from  the  head.  These,  from  the  direction 
of  the  wings,  have  been  fancifully  called  sea-eagles.  Ru]rsch,  whose  figures  are  for 
the  most  part  copies  from  preceding  authors  without  being  improvements  on  the 
originals,  but  who,  at  plate  9.  fig.  9,  has  given  one  tolerably  characteristic, 
remarks  that  it  has  been  called  **  Sea  Toad,'*  from  the  form  of  the'head  resemblinff 
that  creature ;  and  the  comparison  seems  appropriate,  from  the  elevated  head  with 
a  protuberant  and  lateral  eye.  The  same  autnor  says  that  this  fish  is  viviparous; 
an  assertion  which  the  forgoing  account  shows  to  be  incorrect. 


On  the  Crustacea  found  by  Prof.  E.  Forbes  and  Mn  M"^  Andrew  in  their 
Cruises  round  the  coast.    By  Prof.  Thomas  Bell,  F*B,S.i  FJ^,S.  Sfc, 

Having  been  requested  by  my  friends  Prof.  Forbes  and  Mr.  M' Andrew  to  com- 
municate to  the  Section  sttn^^servations  on  the  contributions  to  carcinology  made 
bv  those  gentlemen  ^^jt^^^^p^  cruises,  I  gladly  comply  with  their  wish ;  and 
although  I  have  not  jl^      ^^VJ  actual  novelties  in  the  species  collected,  yet 
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several  interesting  facts  have  been  established  which  may  be  of  future  importance  in 
their  collateral  bwin^  upon  matters  of  more  general  interest  and  importance  than 
the  mere  discovery  of  boiated  species  or  forms.  In  regard  however  to  one  entirely 
new  form,  there  are  some  points  of  peculiar  interest  to  which  I  shall  presently  take 
an  ooportunity  of  referring. 

1  nave  thought  it  best  to  consider  the  species  procured  under  three  heads.  Of 
the  species  found  in  the  northern  cruises  of  Mr.  M'Andrew,  in  the  first  instance 
alone,  and  afterwards  accompanied  by  Prof.  Forbes,  I  will  enumerate  those  found 
in  water  under  twenty  fathoms;  and  secondly,  those  in  water  above  that  depth; 
and  thirdly,  those  which  have  been  found  in  the  excursion  which  these  gentlemen 
have  recently  concluded  along  the  south-western  coast.  The  following  is  the  list  of 
the  more  interesting  species  found  principally  in  Ijoch  Fyne,  in  water  under  twenty 
fathoms.  Of  the  natatorial  type  of  the  Brachyura  we  have  only  two  species, 
Poriunut  comtgtUui  and  depuratori  and  amongst  the  Macrura,  Pandalut  annuTtcomii, 
and  a  new  species  of  Hippofyte,  to  which  I  propose  to  give  the  name  of  ^.  MacAndreas, 
In  deeper  water  the  forms  are  more  interesting.  In  Loch  Fyne  we  have  EbaUa  Pen' 
nantu ;  off  Zetland  Ebalia  Cranekii,  a  species  first  discovered  on  the  south-west  coast ; 
Eurymme  atpera  occurs  off  the  Isle  of  Man ;  Atdecyclta  hcterodon^  LUhodet  arcHevt 
in  Loch  Fyne,  off  the  Isle  of  Man,  and  off  the  coast  of  Zetland ;  Galathea  nexa  and 
its  near  ally  Mumda  Randeletu  {G,  rugosa  of  authors),  both  in  deep  water  offZetland 
and  in  Loch  Fyne ;  and  here  I  would  make  a  remark  or  two  on  these  two  species. 
The  localities  in  which  they  were  found  upon  this  occasion  prove  them  both  to  be  deep 
sea  species,  which  other  observations  have  also  shown.  I  would  also  remark  that  the 
possession  of  a  new  species  closely  allied  to  our  native  species  of  Leach's  {;enusil/«fiufii, 
procured  by  my  friend  Mr.  Darwin  in  his  voyage,  clearly  shows  the  propnety  of  Leach's 
naving  separated  generically  the  Gaiathea  mgota  from  the  other  species  of  that 
Fabrician  genus ;  and  as  the  latter  is  absolutely  more  rugose  than  the  species  origi- 
nally so  designated,  I  have  thought  it  proper  to  assign  to  it  a  new  specific  appellation, 
and  have  given  it  that  of  Rondeletti,  after  the  first  naturalist  who  distingiu&hed  and 
figured  it.  Of  Galathea  nexa  I  have  only  to  remark,  that  there  is  no  one  character 
to  indicate  any  difference  in  its  habits  from  its  immediate  congeners,  G,  gquamifera 
and  ttrigoia^  and  yet  both  the  latter  are  shore  species,  where,  as  far  as  I  know,  G.  nexa 
is  always  found  in  deep  water.  On  the  latter  species  was  found  a  parasite  of  the 
genus  BopyruSf  which  will  probably  prove  to  be  a  new  species.  Crangon  Cata^ 
phracha  {PontophUtu  tpinonu  of  Leach)  was  found  off  Zetland,  and  to  these  I  have 
to  add  LeacMa  lacertosa  of  Johnston.  But  by  far  the  most  interesting  of  all  the  ac- 
quisitions of  my  friends  in  their  northern  cruises,  is  the  discovery  of  an  entirely  new 
genus  of  the  fossorial  type  of  the  Macroura,  belonging  to  the  family  of  the  Thalassi- 
nidfe,  but  differing  in  many  important  characters  from  all  known  genera  of  that 
group.  In  the  first  place,  instead  of  the  monstrous  and  abnormal  character  of  the 
first  pair  of  thoracic  members,  we  find  them  here  of  nearly  the  normal  construction 
of  the  higher  and  more  typical  macrourous  forms.  But  the  most  remarkable  cir- 
cumstance connected  with  this  animal  has  yet  to  be  mentioned.  It  was  found  in 
one  instance  at  the  depth  of  no  less  than  180  fathoms,  and  as  at  this  great  depth  it 
is  also  fossorial  amongst  sandy  mud,  we  can  scarcely  imagine  of  what  use  any  organs 
of  vision  could  be  to  an  animal  so  situated.  I  find  accordingly,  that  although  it 
]x>s8esses  eyes,  they  are  of  no  avail  as  organs  of  distinct  vision,  as  they  possess  no  pig- 
ment, nor,  as  far  as  I  have  observed,  have  they  corneas ;  and  I  presume  that  the 
other  parts  essential  for  high  powers  of  sight  are  also  wholly  wanting.  Amongst  a 
collection  of  the  crustacea  of  the  coasts  of  Ireland,  formed  by  Mr.  Thompson,  and 
which  he  has  obligingly  placed  in  my  hands,  I  found  a  pair  of  peculiar  claws  of  some 
species  of  crustacea  with  which  I  was  wholly  unacquainted ;  they  were  taken  from 
the  stomach  of  some  deep-water  ground-feeding  fish,  and  I  now  discover  that  they 
belong;  to  the  species  in  question.  Mr.  M'Andrew  took  it  alive  in  Loch  Fyne  and 
the  Mull  of  Galloway,  by  the  dredge ;  and  that  gentleman  and  Prof.  Forbes  after- 
wards obtained  it  offZetland. 

The  recent  cruise  of  my  friends  round  the  western  coast  has  been  fruitful  in  the 
acquisition  of  species  of  interest,  although  only  one  addition  has  been  made  by  it  to 
the  list  of  English  crustacea.  The  more  usual  species,  Stenorhynchtu  tenuiroitrU 
Ateieeycbu  heterodon,  Poriunw  depunUor  and  puMilka^  Gonophx  anguUUOy  Eurynoni 
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Mpera,  and  Ebalia  Pennantu,  require  only  to  be  enumerated.  Xantho  ritmloiOf  re- 
cently discovered  to  be  a  British  species,  is  also  included.  In  addition  to  Pagurvt 
Prideauxiiy  I  find  also  two  of  the  new  species  of  Pagurus,  which  I  have  recently  de- 
scribed ;  of  these  two,  P.  Uevii  was  first  discovered  by  Mr.  Thompson  on  the  Irish 
coast ;  the  other  was  found  off  Plymouth  by  Mr.  Codes,  and  first  described  by  me 
under  the  name  of  P.  Forbes,  Lithodes  arcHca,  a  northern  form,  is  also  in  the 
present  collection ;  but  the  most  interesting  amongst  the  fruits  of  this  little  expedi- 
tion is  a  fine  specimen  of  a  species  of  the  natatory  type  of  the  Brachyura,  a  Portunus 
entirely  new  to  our  fauna,  and  which  appears  to  me  to  be  P.  longipe§  of  Risso,  a 
Mediterranean  species-  It  difi^rs  from  the  only  specimen  I  have  m  my  collection 
of  the  latter  species,  but  this  may  arise  from  my  Mediterranean  specimen  being  very 
young.  

On  the  Structure  of  the  PycnogonidecB.    By  Dr.  Carpenter. 


The  President  exhibited  a  specimen  of  a  beetle  {Blapa  mortiiaga),  which  has  been 
found  imbedded  in  some  artificial  concrete,  where  it  must  have  been  at  least  sixteen 
years ;  and  yet,  when  the  animal  was  brought  to  him,  it  was  alive,  and  lived  for  six 
weeks  afler.  _____ 

Dr.  Caipenter  gave  an  account,  of  his  researches  on  the  microscopic  character  of 
shells,  and  also  the  results  of  his  attempts  at  representing  natural  histoiy  objects  by 
means  of  photography.  

On  the  Dissimilarity  in  the  Calcifying  Functions  of  Molhuks^  whose  aryani" 
zation  is  in  other  respects  similar.     By  L.  Reeve,  F.L,S,  Sfc. 

Each  of  the  four  shell-secreting  kinds  of  Cephalopods— the  Cuttle-fish,  the  Paper 
Nautilus,  the  Pearly  Nautilus,  and  the  Spirule  or  Kam*s  Horn — exhibits  a  dififerent 
method  of  forming  its  shell,  (this  shell  differing  in  microscopic  structure,  and  secreted 
from  different  parts  of  the  system,)  although  strictly  allied  in  all  those  elements  of  ana- 
tomical detail  which  constitute  the  soft  parts  or  animal  frame.  Whilst  the  calcareous 
portion  of  the  Cuttle-fish  is  merely  represented  by  an  internal  bony  plate,  consist- 
ing mainly  of  carbonate  of  lime,  the  shell  of  the  Pearly  Nautilus  constitutes  a  huge 
mechanical  apparatus,  secreted  from  the  mantle  enveloping  the  visceral  mass,  and 
consisting  of  two  separate  deposits — an  outer  crust,  and  an  inner  nacre-— for  the 
purpose  of  buoying  up  its  inhabitant  under  the  different  mutations  of  pressure  to 
which  it  is  subjected  in  its  deep  region  of  habitation.  The  shell  ot  the  Paper 
Nautilus,  on  the  other  hand,  is  a  light  elastic  boat,  transparent  and  permeable  to 
light,  secreted  only  by  the  female  for  the  purpose  of  oviposition ;  and  in  this  animal 
the  ofiice  of  calcification  is  transferred,  by  some  mysterious  order,  from  the  mantle  to 
the  hinder  pair  of  arms.  The  Spirule  is  again  totally  different,  it  being  contained 
within  the  mantle  of  an  animal,  tar  larger,  in  proportion,  than  that  of  the  other  Ce* 
phalopods,  under  circumstances  which  are  at  present  unknown.  The  drawing  exhi- 
bited was  taken  from  a  living  specimen,  recently  collected  at  New  Zealand,  by  Mr. 
Earl,  for  the  first  time  in  perfect  condition ;  but,  as  the  proprietor  is  unwilling  that 
it  should  be  dissected,  Mr.  Reeve  could  only  state  that  it  enclosed  a  problem  in  the 
physiological  history  of  the  Cephalopoda,  which  it  was  extremely  desirable  to  solve. 
The  next  point  to  which  he  directed  the  attention  of  the  Section  was  the  curious 
difference  which  occurs  in  the  growth  of  the  Cowry  and  the  Olive;  but  this  he  had 
already  more  fully  communicated  to  the  Linnean  Society. 


On  certain  Peculiarities  in  t/ie  Anatomy  o/*Limax  Sowerbii. 

By  Prof.  Allman,  3LB.I,A. 

The  peculiarities  of  structure  in  this  animal  are  chiefiy  to  be  found  in  the  repro- 
ductive system,  which  in  several  respects  presents  a  remarkable  similarity  to  that  of 
HeUx.  There  are  well-developed  muUifid  vesicles,  and  an  elongated  sac  containing 
a  inngular  organ  in  the  form  of  a  curved  cylinder  beset  with  numerous  palmate  opines. 
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Thit  sacy  as  well  as  the  moltifid  resiclesy  of  which  there  are  four  sets,  opens  into  the 
common  sac  of  generation.  

Ndtices  of  some  new  and  rare  British  species  <^  naked  Mollusca, 
By  Joshua  Alder  and  Albany  Hancock. 

The  first  species  was  a  small  mollusk  belonging  to  the  order  Inferobranchiaia, 
This  animal  closely  resembled  the  animals  figured  by  M.  de  Quatrefages  under  the 
generic  names  of  Pelta  and  Chalides,  and  placed  by  him  as  the  lowest  forms  of  his 
new  order,  Phiebenterata.  This  animal  strongly  resembles  the  Limapontia  nigra  of 
Dr.  Johnston ;  but  whether  it  be  identical  with  that  animal  or  not,  the  authors  were 
fully  convinced  that  its  characters  had  been  imperfectly  understood  by  M.  de  Qua- 
trefages. The  other  naked  mollusks  found  by  the  authors  were  a  new  species  of 
Eumenit,  jEolis  Drummondi,  EoUa  alba,  and  Goniodoria  castanea. 


On  the  BybemaOon  of  Snails,    By  Rev.  T.  Rankin,  M,A. 

From  the  author's  observations  on  the  habits  of  Helix  horienm,  he  conc1uded«<^ 
1 .  That  snails  hybemate.  2.  That  in  their  state  of  hybernation  they  undergo  less 
torpor  than  some  other  animals  which  hybemate.  3.  That  they  are  destructive  to 
trees  as  .well  as  to  plants.  _____ 

Mr.  Wollastou  read  a  notice  from  Mr.  William  King  of  some  new  species  of 
animals  found  on  the  coast  of  Northumberland. 


Mr.  R.  Patterson  exhibited  specimens  of  Ascidians  which  he  had  discovered  in  the 
links  of  the  chain  of  the  floating  bridge  at  Itchin,  near  Southampton, 


A  few  Notes  on  the  Land  Mollusca,  Zoophytes,  and  Algas  of  the  Isle  of  Wight* 

By  W.  Thompson. 

The  object  of  this  communication  was  to  inform  naturalists  visiting  the  island  what 
species  they  might  expect  to  find  in  the  classes  indicated,  which  are  less  known  than 
tne  other  departments  of  its  natural  history :  lists  of  these  were  given.  Rare  and  in- 
teresting species  were  noticed,  and  the  localities  where  they  had  been  obtained  by  the 
author  particularized.  Freshwater  Bay  and  the  adjacent  coast  to  the  east  of  it,  were 
stated  to  be  the  best  localities  for  the  marine  invertebrate  animals  and  Algse.  Of  land 
mollusca ;  the  Pupa  tecale  and  BuUmtu  acuttu  were  specially  noticed.  Of  Zoophytes ; 
the  Angtdnaria  spattdata  was  found  commonly  investing  the  stems  of  various  Algse 
on  the  south  coast  of  the  island.  Of  Algse;  the  Griffithiia  nmpUcifilum  was  obtained 
plentifully  at  Freshwater  Bay,  in  August  1841,  by  Mr.  R.  Ball  and  the  author — the 
first  time  of  its  being  noticed  ebewhere  in  the  British  island,  than  on  the  coast  of 
"Wcklow.  

Additions  to  the  Fauna  of  Ireland,  including  Species  new  to  that  of  Britain, 

ByW,  Thompson*. 

These  additions  comprised  about  fifty  species  of  vertebrate  and  invertebrate  animals. 
Those  unrecorded  in  the  British  Fauna  were  the  purple  water-hen  (Porphyrio 
kyadnthinus),  obtained  in  the  county  of  Kerry  by  Richara  Chute,  Esq. ;  the  Teuifia 
ialauitina,  and  Pleurotoma  striolata,  both  known  as  Mediterranean  species — the 
former  procured  by  Mr.  Barlee,  the  latter  by  Mr.  M' Andrew,  on  the  western  coast 
of  Ireland ;  BotryUoides  albicam  (Edw.),  and  B.  rotifera  (Edw.),  collected  on  the 
coast  of  Down,  by  the  author ;  and  Pontobdella  Ustni  (Blainviile).  A  new  Actinia  of 
the  genus  Corynactis  (Allman)  was  noticed ;  and  two  new  species  of  Amorphozoa 
(Sponges),  and  a  Daphma,  believed  to  be  undescribed,  were  stated  to  have  been 
obtained.  **Dysidea}  papillosa**  (Johnston),  whose  place  in  the  system  had  been 
uncertain,  was  lately  ascertained  by  the  author  to  be  a  helianthoid  zoophyte,  of  the 
genus  ZoatUhtu  (Z.  Ck)ucMi). 

«  Pttbluhed  in  detail  in  the  Annals  of  Natural  History  for  Nov.  and  Dec.  1846  (voLxvid 
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Zoology  of  Lough  Neagh^  compared  with  that  cf  the  Lahe  of  Gfentta. 
By  W.  Thompson  ;  Ae  Insects  by  A,H.  Haliday. 

The  respective  areas  of  Lough  Neagh  and  the  lake  of  Geneva,  and  thdr  physical, 
&c.  differences  being  first  noticed,  a  comparison  was  given  of  as  manyjportions  of  the 
subject  as  the  published  memoirs  on  the  zoology  of  the  Swiss  lake  afforded  data  on, 
including  the  birds,  fishes,  mollusca,  and  certain  families  of  the  insects.  A  brief  no- 
tice of  the  Crustacea  and  Annelida  of  Lough  Neagh,  and  some  remarks  on  the  botany 
of  its  shores  and  waters,  concluded  the  paper. 


Notes  on  the  Natural  History  of  Corfu,     By  Captain  Portlock,  RJE, 


On  the  Ptilmograde  Medusce  of  the  British  Seas,    By  Prof.  E.  Forres. 

At  the  Birmingham  Meeting,  in  1839,  the  author,  in  conjunction  with  Prof.  Good- 
sir,  brought  forward  a  first  essav  towards  an  investigation  of  the  British  Acalephae, 
selecting  the  ciliograde  species  for  illustration.  Since  that  time  he  has  yearly  availed 
himself  of  every  opportunity  of  pursuing  the  inquiry,  but  has  abstained  from  publish- 
ing, hoping  to  gain  more  complete  knowledge  of  a  difficult  and  much-confused  branch 
ofzoology.  Having  now  however  examined  more  than  twice  the  recorded  namber 
of  British  Medusae  and  become  acquainted  with  numerous  new  specific  and  several 
new  generic  forms  of  great  interest  to  the  naturalist,  he  ventures  to  lay  before  the 
Section  an  outline  of  the  data  in  his  possession.  These  data  are  in  great  part  due  to 
the  opportunities  afforded  him  by  his  voyages  round  the  coasts  of  Britain  with  bis 
friend,  Mr.  M'Andrew.  After  pointing  out  the  difficulties  attending  the  study  of 
these  animals,  and  giving  a  brief  view  of  the  present  state  of  the  subject  generally. 
Prof.  Forbes  insisted  on  the  necessity  in  future  of  naturalists  abstaining  from  publish- 
ing imperfect  observations  respecting  them,  and  urged  the  adoption  of  the  descrip- 
tions of  Milne-Edwards,  Sars,  and  Will  as  models  for  those  who  were  ready  seriously 
to  engage  in  the  study.  He  called  attention  to  the  iniportant  observations  on  their 
development  lately  made  by  his  friend  Prof.  Reid  of  St.  Andrews,  and  expressed  a 
hope  that  ere  long  the  return  of  the  Arctic  Expedition  would  bring  a  great  mass  of 
new  materials  of  the  most  accurate  description  through  the  observations  of  Mr.  H. 
Goodsir.  In  grouping  the  British  species,  Prof.  Forbes  calls  attention  to  the  mutual 
correspondence  of  certain  characters;  viz.  of  the  condition  of  the  reproductive,  di- 
gestive, and  sensitive  systems.  He  proposes  to  group  all  the  British  Medusae  under 
such  as  have  hooded  and  such  as  have  naked  ocelli.  The  first  character  is  combined 
with  a  conspicuous  and  comparatively  complicated  reproductive  system,  and  a  rami- 
fied gastrovascular  apparatus.  All  the  Pulmograda  with  naked  ocelli  have  simple 
vessels,  with  one  exception, — a  new  and  most  beautiful  generic  form,  the  type  of  a 
subsection  by  itself.  The  remainder  form  three  natural  groups,  as  will  be  seen  in 
the  following  general  table,  exhibiting  the  arrangement  of  the  British  Pulmograde 
Medusae: — 

1st  Section. — Hooded-eyed ;  ramified  gastrovascular  system. 

Ist  Genus. — Rhizottoma  (Cuvier).     1  species,  R»  Aldrovandi. 

!2nd  Genus. — Cassiopea  (Peron).     1  sp.,  C,  lunulata, 

3rd  Genus. — Pektgin  (Peron).  1  sp.,  P.  cyanella^  one  of  the  most  phospho- 
rescent and  beautiful  of  European  Medusas,  now  first  announced  as  British, 
having  been  taken  during  the  past  month  by  Mr.  M'Andrew  and  Prof* 
Forbes  off  the  coast  of  Cornwall. 

4th  Genus.—  Chrysaora  (Peron).     1  sp.,  C.  hytotceVa, 

5th  Genus. — Cyanea  (Peron).  2  sp.,  C.  capiUata  and  C.  Lamarchn^  both  com- 
mon ;  very  large,  stinging  Medusae. 

6th  Genus. — Medusa  (Linnaeus,  EschschoUz — Aurelia,  Peron).  2  sp.,  M.  omnia 
and  M,  crueiata  (the  latter  is  the  Medusa  so  abundant  in  Southampton  Har- 
bour).   It  has  white  ocelli. 

Many  more  spurious  species  of  Cyanea,  Medusa,  and  other  genera  are  recorded 
by  Peron,  Lesson,  and  others,  and  enumerated  as  inhabitants  of  the  British  Channel. 
After  careful  consideration,  they  have  been  rejected  as  mere  varieties  froin  tbia 


TRANSACTIONS  OF  THE  SECTIONS.  85 

Arrangement.  Certain  forms  belonging  to  this  section  recorded  by  Pennant  and 
Templetou  are  also  rgected  as  too  imperfectly  observed  to  be  of  any  service  to 
science. 

£ad  Section. — Pulmograda  with  naked  ocelli. 
Ist  Family. — ^Vessels  branched. 

7th  Genus. — WUbia  (new,  sp.  W,  HeUaia  founded  on  a  beautiful  little  Medusa 
with  six  starlike  ovaries  and  branched  vessels.    It  is  abundant  in  the  British 
Channel  and  on  the  west  coast  of  Scotland.   ' 
2nd  Family  .-^Vessels  simple ;  ovaries  convoluted  and  lining  the  pedunculated 
stomach. 
8th  Genus.— TVirri*  (Lesson ;  Eirene,  Eschscholtz),  2  sp.,  T.  digUale  of  O. 
Fabricius  (Zetland)  and  T.  neglecta.  Lesson,  the  Cyanea  coccinea  of  Davis ; 
British  Channel.    Very  highly-organized  Meduss,  closely  approaching  Ac- 
tinese. 
9th  Genus. — iSapA^ma(Eschscholtz^    1  sp.,  5.(/tfttf»i<i,Peron.   Devon^  Zetland. 
10th  Genus. — Oceania  (Peron — Tiara,  Lesson),  4  sp.,  one  being  the  Getyonia 
octona  of  Fleming;  the  other  three  are  new. 
3rd  Family. — ^Vessels  simple,  ovaries  in  the  course  of  the  vessels,  on  the  subum* 
brella. 
a.  With  eight  vessels. 

llth  Genus. — ^^^tfor^a  (Peron),  or  perhaps  deserving  of  a  distinct  appella- 
tion ;  1  sp.,  common  on  the  Scotcn  coast ;  it  is  the  **  MiUcertum  campanu- 
kUum**  orEhrenberg  (not  of  Eschscholtz),  '*  Oceania  octocostaia''  of  Sars,  and 
**  T^ttmantias  MiiUri'*  of  Mr.  Landsborough,  and  **jEfjuorea  ociocostata*^ 
of  Lesson*  It  has  long  yellow  ovaries. 
12th  Genus. — Grce  (Mertens).  Ovaries  8  minute.  1  sp.,  C.  rosea.  Zetland, 
new. 
b»  With  four  vessels. 

1 4th  Genus. — Thaumantias  (Eschscholtz) ;  ovaries  four,  ovate,  clavate  or  linear, 
stomach  short;  19  British  species,  of  which  12  are  new  and  undescribed. 
All  very  distinct  from  each  other. 
15th  Genus. — Slabberia  (new),  founded  for  a  singular  little  Medusa  remarkable 
for  its  extremely  linear  ovaries,  long  proboscis,  and  the  development  of  an 
ocellated  bulb  at  the  end  as  well  as  at  the  base  of  each  tentacle,  S,  haUerala; 
coast  of  Cornwall. 
16th  Genus* — G^^^onia  (Peron),  1  sp.,new,  G,  appendiculaia,  British  Channel. 
17th  Genus. — Tima  (Eschscholtz?) — T.  JBoir^ii  of  Johnston ;  common  on  the 
east  coast  of  Scotland. 
4th  Family. — Vessels  simple;  ovary  in  substance  of  peduncle.    Gemmiparous. 

A,  Peduncle  with  lateral  lobes ;  tentacula  fasciculated. 

18th  Genus. — BugainviiUa  (Lesson — Hippocrene  Brandt),  with  4  fascicles  of 

tentacles.    3  sp.,  2  new. 
19th  Genus. — Lizzia  (new,  with  8  fascicles  of  tentacles  and  unequal  lobes  to 

peduncle),  founded  for  the  CytaUs  octopunciata  of  Sars,  which,  with  two  other 

undescribed  species,  inhabits  the  Zetland  seas. 

B,  Peduncles  inflated ;  tentacula  not  fasciculated. 

20th  Genus. — Moodeeria  (new).    1  sp.  from  the  Hebrides. 

C,  Peduncle  elongate ;  tentacula  not  fasciculated. 
a.  With  four  tentacles. 

21st  Genus. — Sarsia  (Lesson).    4  British  sp. 
b»  With  one  tentacle  only  developed. 
22nd  Genus. — Steenttrupia  (new),  3  fp. 

In  all  there  are  fifty  species  of  British  Pulmograda  known  to  Prof.  Forbes,  excluding 
doabtfiil  forms  and  varieties.  Of  these,  fifty-nine  only  had  been  previously  recorded 
as  British,  and  of  the  remainder  all  but  five  are  undescribed. 

Prof.  Forbes  also  exiiibited  some  living  specimens  of  the  Lancelot  {AmpMoxut  hn- 
ceokUtu  of  Yarrell),  of  a  Holothuria,  and  of  a  Medusa  found  in  the  Sov**-^ 
Water. 
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On  the  Marine  Zoology  cf  ComwaU.    By  C  W.  Pbagh. 

The  Author  had  added  several  new  zoophytes  to  our  Fauna — one  Actinia  new 
to  the  British  Islands,  and  named  by  Dr.  Johnston  Aciima  chryumihdLvm,    It  buries 
itself  in  sand  under  stones  in  Fowey  Harbour ;  and  has  twelve  tentacula.    Several 
calcareous  Corallines  have  been  also  observed,  differing  from  all  that  are  at  present 
figured.    He  exhibited,  also,  a  l>eautiful  series  of  the  rare  Eehmiu  Ftewinffi ;  and  a 
magnificent  specimen  of  EchvMu  ipJuera ;  also  another  large  and  fine  specimen, 
which,  if  not  a  new  species,  differs  much  from  all  others,  and  requires  a  careful 
examination ;  be  had  noticed  it  in  various  stages  of  growth.    After  noticing  the 
Eolides  and  Annelidas,  he  mentioned  the  circumstance  of  having  got  the  GymnoiepoM 
Cuvieri  from  the  bottom  of  a  vessel  which  came  into  Fowey  ifarbour  in  January  of 
the  present  year ;  and  after  minutely  describing  it,  showed  that  although  exposed  to 
the  full  influence,  for  one  month,  of  the  freshwater  which  passed  down  the  harbour 
on  the  receding  tide,  it  continued  to  thrive  long  after  the  whole  of  the  common  Bar- 
nacle, which  accompanied  it,  had  ceased  to  exist. 


A  paper  was  read  from  Or*  Bell  Salter,  giving  directions  for  the  gaidance  of 
botanists  in  their  excursion  to  the  Isle  of  Wight,  and  giving  a  list  of  flowering  plants 
of  interest  found  in  various  parts  of  the  island. 

On  the  Embryogeny  of  Pulmogrades  and  Cilioyradee, 

By  John  Fricb,  M^. 

About  the  end  of  June  1845,  a  great  number  of  the  ova  cf  Cyanea  auriia  and 
Medusa  capiUata?  {Stinger)  were  collected  from  domesticated  specimens,  and  kept 
in  sea-water.  After  moving  about  for  a  few  days,  as  ciliated  pear-shaped  germs, 
they  became  more  sedate  j  assumed  first  a  square,  and  then  an  octagon  rorm ;  gave 
out  tentacles  from  each  angle;  "produced  the  convex  surface  into  an  adhesive 
peduncle;  and,  being  attached  thereby  to  the  glass,  appeared  ever  after  as  whitish 
Hydras,  I  was  not  then  aware  of  the  metamorphoses  recorded  by  Sir  I.  Dalzel, 
Sars,  or  others ;  but  was  soon  informed  of  them  by  friends  who  saw  these  larvae. 
During  eighteen  weeks  I  looked  earnestly  (but  sceptically)  for  the  fissiparous  or  gem- 
miparouB  reproduction  alleged  by  others,  but  in  vain.  Subtraction  was  the  only  rule 
worked  in  this  "  Infant  School "  of  mine :  of  Addition,  Multiplication  or  Division 
they  seemed  to  know  nothing.  By  October  4  the  countless  host  were  reduced  to 
three ;  which,  though  trebled  m  size,  had  not  undergone  the  slightest  change  in  fi>nn 
from  the  zoanthoid  t}'pe  first  assumed.  I  need  not  send  JSgures  of  them,  as  several 
scientific  friends  have  pronounced  my  drawings  exactly  like  those  of  previous  ob- 
servers, including  now  Steenstrup.  However,  about  the  same  time,  a  single  (much 
larger)  individual  was  discovereci  adhering  to  one  of  the  other  jars.  Under  a  lens, 
this  had  every  appearance  of  being  a  compound  zoophyte ;  in  time,  five  or  six  sepa- 
rate individuals  were  found  to  have  clustered  round  the  original  centre;  and  subse* 
quently,  some  of  these  having  apparently  enlarged  and  separated,  the  number  by 
June  1846  amounted  to  more  than  thirty,  all  very  near  to  the  same  spot,  I  say 
**  apparently'*  separated,  as  there  was  not  sufficiently  exact  attention  bestowed  upon 
the  phaenomena  to  remove,  from  a  sceptic f  all  doubts  whether  the  clusters  were 
more  than  parasitic  adhesions  (as  in  Acthda,  or  TStbuJaria  indioisa),  or  whether  the 
new  individuals  might  not  have  emerged  from  the  sand  and  other  rubbish  in  the  jar, 
during  unobserved  intervals.  But  I  must  confess  lam  all  but  satisfied  that  veritable 
reproduction  has  repeatedly  occurred.  At  this  moment  (about  eleven  months  fi'om 
the  discovery  of  the  single  larger  Hydra)  I  am  able,  amidst  much  rubbish  which  I 
am  afraid  to  remove,  to  count  thirty-five,  after  several  losses.  One  is  at  least  three 
times  the  average  sizei  and  shows,  if  I  mistake  not,  a  nr-sided  mouth  (an  anomaly, 
perhaps,  portending  an  approaching  change)  with  about  thirty-two  tentacles  sur* 
rounding,  in  single  row,  a  considerable  circum^oral  area.  Every  one  of  them  remains 
as  true  a  zoanth  as  ever.  Some  minute  turbinates  in  the  same  iar  are  constantly 
falling  a  prey  to  these  *'  monsters  of  the  deep,"  and  may  be  seen  nanffing  in  chains, 
or  engulfed  in  the  stomar*'  -*^''  -   '  ^  floor  is  strewed  with  empty  shells.    I  have 
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obserred  no  difoence  between  the  embryoB  of  the  Cyanea  and  Med,  capUlaia? 
(Stinger)  after  they  lost  their  respective  colours  (lilac  and  tawny)  and  became 
digitate.  Both  alike  make  little  cruises  and  rotate,  before  they  fix  themselves :  both 
a&ct  the  form  of  a  fist  with  one  or  two  fingers  extended,  and  revert,  by  contraction, 
to  the  octagon  form.  But  in  the  Stinger  aione  have  I  ieen  the  germs  remaining,  for 
some  time  after  exclusion,  in  the  same  tnulberry  clusters  in  which  they  had  occupied 
the  sinuses  of  the  plicate  ovary.  I  have  this  year,  1846,  collected  the  ova  of  a  very 
difierent  Medusa.  These  were,  at  first  sight,  pyriform  like  the  others ;  but  after- 
wards proved  to  be  (what  I  have  never  ditcouered  in  any  other  species)  much  com- 
{)ressea,  and,  from  a  twinging  fashion  in  swimming,  were  often  seen  edgeways,  and 
ooked  like  little  Planarite,  They  are  now  as  decided  Hydrm  as  the  others,  and  can 
jutt  be  discerned  as  such  with  the  naked  eye.  I  have  only  seen  the  ova  of  two 
other  Pulmogrades ;  both  very  minute  and  of  the  Moorish-arch  form :  aU  agree  in 
being  pyriform,  locomotive  (ciUomotive?)  And  peristaltic,  which  last  habit  I  conceive 
to  be  the  means  of  steering* 

Smhryogeny  of  CiUogrades. — Of  the  true  Beroe  I  can  say  very  little:  I  am  pretty 
sure  I  have  had  their  ova  two  or  three  times,  looking  very  like  those  of  Cydippe 
piieuSf  but  never  succeeded  in  hatching  them.  However  small  the  Beroe,  and  I 
sometimes  meet  with  them  as  small  as  a  pin*s  head,  it  difien  in  no  respect  but  size 
from  the  adult,  having  eight  ciliamina  (ciliary  arches).  But  C,  pHeus  (a  much  com- 
moner animal  at  Birkenhead)  has  afforded  me  repeated  opportunities  of  watching 
the  whole  process,  though  with  many  interruptions.  One  first  sees  a  little  darkish 
but  reflecting  spherule  in  the  centre  of  a  proportionably  very  large,  transparent,  and 
scarcely  visible  pellicle :  it  very  soon  looks  graiiidar  like  boiled  sago  within  and 
without ;  then  shows  a  few  obscure  cilia — enlarges  at  one  end,  and  becomes  accu- 
rately acont-^haped,  with  only  four  arches  of  cilia,  which  are,  towards  the  base  (or 
cup  of  the  acorn),  immensely  large  in  proportion,  much-curved,  and  move  very  slowly 
in  general.  The  mouth  is  large,  and  apparently  linear  instead  of  the  convolvulus 
form  of  the  adult,  and  seems  to  take  in  certain  granular  bodies  which  Jloat  within  the 
pellicle.  The  two  very  long  trains  are  extended  even  in  ovo,  where  there  is  ample 
room  for  *'  little  master  "  to  play  about  (it  is  a  nursery  rather  than  a  shell) ;  the  trains 
are  gathered  into  a  knotty  bunch  instead  of  a  cork-screw  circus,  appear  to  have  no 
side  filaments,  and  certainly  have  no  internal  sheath  for  their  reception.  After 
escaping  from  the  shell,  they  exhibit  greater  activity,  with  startling  alternations  of 
extreme,  crawling  slowness  during  the  extension  of  the  trains,  and  the  most  fantastic 
capers  after  suddenly  retracting  the  latter.  These  creatures  are  just  visible  to  the 
naked  eye,  and  as  they  are  not  easy  to  keep  alive,  I  have  never  seen  the  next  step 
of  their  metamorphosis,  but  have  often  met  with  Cydippes  of  the  size  of  hempseed  in 
the  normal  form,  with  convolvulus  mouths,  eight  ciliamina,  fringed  trains  retractile 
into  pockets,  and  all  the  airs  and  graces  of  the  full-grown  individuals. 


On  the  Quasi'osseous  System  ofAcakpha.    By  John  Price,  M.A* 

The  author  described  minutely  the  tessellated  structure  of  the  polygonal  central 
patch  in  the  great  broMm  Stinger  {Medusa  capill€Ua  ?),  and  noticed  the  degree  of 
analogy  which  this  structure  may  be  thought  to  offer  to  the  osseous  arrangements  in 
higher  grades  of  life.  He  offered  suggestions  as  to  the  respiratory  and  nutritious 
processes  in  Rhizostoma,  and  presented  some  ground  for  doubt  regarding  the  true 
nature  of  the  supposed  eyes  ot  Acalepha?. 

The  author  appended  notices  regarding  Beroe  {ovata}),  especially  its  internal 
contractions,  and  recommended  the  examination  of  the  structure  of  this  singular 
Acaleph,  by  microscopic  investigation  of  the  process  of  natural  decay,  **  which  in 
Acalephse  is  apt  to  take  place  symmetrically,  so  that  the  anatomy  is  laid  bare  bit  by 
bit,  wnilst  vitality  remains  almost  unimpaired  in  the  very  last  shred  of  the  frame." 

[In  the  letter  to  Professor  Owen  which  accompanied  these  communications,  other 
interesting  remarks  and  queries  occur.] 

On  the  CtUtivation  of  Silk  in  England.    By  Mrs.  Whitby. 

A  letter  was  received  from  Mrs.  Whitby,  of  Newlands  near  Lymington,  F 
wherein  she  stated  to  the  Association  the  encouraging  result  of  an  experiment^ 
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teD  years  ego  on  her  own  estate ;  and  she  exhibited  specimens  of  raw  and  manufac- 
tured silk  with  full  details.  She  began  by  planting  various  sorts  of  mulberry-trees, 
of  which  she  finds  the  dwarf  Philippine  is  by  far  the  best,  as  producing  more  leaf,  and 
(from  the  facility  with  which  its  cuttings  are  struck)  more  easily  propagated  than  any 
other.  Of  the  various  races  of  the  silk-worm,  she  finds  that  by  procuring  the  eggs 
of  the  large  Italian  sort,  of  four  changes,  she  obtains  as  great  a  proportion,  and  as 
goodf  a  quality  of  silk,  as  they  do  in  Italy  or  France.  The  testimony  of  several  emi- 
nent manufacturers  in  London,  Manchester  and  Co?entry  attests  this;  and  Mrs. 
Whitby  has  had  the  satisfaction  of  presenting  twenty  yards  of  rich  and  brilliant  da- 
mask, manufactured  from  silk  grown  at  Newlands,  to  Her  Majesty  Queen  Victoria, 
who  was  graciously  pleased  to  accept  of  this  indication  of  a  new  source  of  riches  in 
her  dominions. 

After  making  every  allowance  for  occasional  unfavourable  seasons,  and  labour, 
machinery,  outlay  of  money,  &c.,  it  will  be  found  that  land  Iwd  out  for  furnishing 
food  for  this  valuable  caterpillar,  will  yield  at  least  £20  per  annum. 

The  computation  is  briefly  as  follows  i-^one  oz.  of  eggs  produce  40,000  worms, 
which  remiire  14001bs.  of  leaves;  deducting  25  percent,  for  accidents,  there  will  re* 
main  30,000  cocoons  weighing  75  lbs.,  which  at  10  lbs.  per  cwt.  of  silk,  will  yield 
7i  lbs.  of  the  best  raw  silk  (besides  refuse),  equal,  at'SSr.  per  lb.,  to  8/.  12s.  6d.  One 
acre  of  land  bearing  1225  plants  of  six  or  eight  years'  growth,  yields  4900  lbs.  of 
leaves,  and  will  consequently  feed  3^oz.  of  e^,  which  at  HI.  129.  6d.  nett  per  oz. 
as  above  stated,  yields  30/.  3«.  9d.,  and  deducting  33  per  cent,  for  labour,  macninery, 
&c.,  10/.,  there  will  remain  a  final  profit  per  acre  on  3ioz.  of  eggs,  20/. 


On  the  Structure  of  Cristatella  mucedo.    By  Prof.  Allm an,  M,B,I,A. 

In  this  beautiful  little  Bryozoon,  added  to  the  Irish  Fauna  by  Prof.  Allman, 
several  interesting  peculiarities  of  structure  were  detailed.  Of  these  the  author  con- 
sidered  one  of  the  most  important  to  be  the  detection  of  a  small  roundish  body, 
situated  at  the  upper  end  of  the  pharynx,  and  which  he  believed  to  be  a  nervous 
ganglion.  The  author  also  dwelt  upon  the  existence  of  a  delicate  calyciform  mem- 
brane which  unites  the  bases  of  the  tentaculae,  and  is  of  very  general  occurrence 
among  the  freshwater  Bryozoa.  This  structure  he  considered  peculiarly  interesting, 
as  it  tended  with  other  facts  to  homologize  the  tentacular  system  of  the  Bryozoa 
with  the  branchial  sac  of  the  true  Ascidiae.  Several  peculiarities  in  the  digestive 
and  muscular  systems  were  also  alluded  to,  the  muscular  fibre  being  shown  to  be 
obscurely  striated,  and  to  exhibit  a  tendency  to  break  itself  into  discs.  The  ova  in 
their  young  state  are  inclosed  in  a  ciliated  membrane,  and  the  hooked  spines  with 
which,  in  their  more  mature  condition,  they  are  furnished,  are  developed  within  the 
ciliated  investment,  being  of  subsequent  growth,  but  yet  fully  formeci  previously  to 
the  ova  quitting  the  parent.  The  facts  detailed  in  the  present  communication  were 
assumed  by  the  author  as  affording  much  additional  evidence  in  favour  of  the  mol- 
luscan  nature  of  the  Bryozoa.  

Observations  on  the  true  Nature  of  the  Tendril  in  the  Cucumber, 

By  T.  Bell  Salter,  M.D.y  FX.S. 

While  it  is  now  admitted  that  the  tendril  is  a  modification  of  some  essential  part 
of  the  plant,  it  is  in  most  plants  sufficiently  obvious  what  organ  is  so  altered,  as  for 
instance,  the  leaf  or  petiole  in  the  leguminose  plants,  the  peduncle  in  Passifioray 
.and  the  primary  axis  of  the  plant  in  the  vine;  in  this  family  it  is  not  so  obvious. 
In  the  monstrous  state  of  a  cucumber  i)lant  now  shown,  where  all  the  parts  appear 
in  a  more  elementary  form  than  in  its  natural  state,  we  have  this  question  satisfac- 
torily solved.  While  the  female  flower  is  resolved  into  an  aggregation  of  thicjL 
adherent  leaves,  and  thestaminate  flowers  into  an  aggregation  of  leaves  not  adherent, 
we  see  the  tendril  as  a  simple  slender  leaf,  and  not  a  branch  bearing  any  ageregation 
of  leaves,  as  it  would  be  were  it  any  modification  of  a  branch,  or  any  part  of  the  in- 
florescence. It  would  appear  from  this  that  the  tendril  in  this  genus  and  family 
represents  the  leaf,  while  the  developed  leaf  next  to  it  is  the  first  leaf  of  a  sesaile 
axillary  branch. 
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On  an  undescribedAlga  a//teef  to  Coleochaete  scutata*  By  Professor  Allm  an. 

This  paper  contaioed  a  description  of  an  alga  discoTered  in  certain  subalpioe  streams 
in  Ireland.  It  presents  the  appearance  of  small  perceptibly  elevated  discs  of  a  dark 
green  colour,  varying  in  size  from  about  half  a  Ime  to  three  lines  in  diameter,  and 
attached  to  the  upper  surface  of  stones  in  the  most  rapid  part  of  the  current.  When 
several  plants  grow  upon  the  same  stone  they  often  become  confluent,  and  form 
patches  of  indc^nite  figure  and  extent.  Each  plant  is  of  a  firm,  almost  cartilaginous 
consistence,  and  an  ordinary  lens  shows  it  to  be  furnished  with  a  mat^in  divided  into 
rounded  lobes.  Under  a  higher  magnifying  power  the  structure  is  found  to  consist 
of  numerous  disc-shaped  laminae,  placed  one  over  the  other  with  an  imbricated 
arrangement,  the  margin  of  each  projecting  beyond  that  of  the  superposed  lamina. 
The  lowest  lamina  is  always  the  youngest,  and  each  consists  of  many  dichotomously 
branched  series  of  nucleated  cells,  which  radiate  from  a  common  centre,  and  are 
united  at  their  edges  into  a  continuous  frond.  In  no  specimens,  though  examined 
at  various  seasons  and  at  different  stages  of  development,  were  the  sheathed  sets  of 
CoteochiBte  detected.  From  the  only  described  species  of  ColeocJuete^  therefore,  the 
present  plant  differs  in  its  lobed  outline,  in  its  imbricated  structure,  in  its  firm  con- 
sistence, in  its  large  size,  in  the  absence  of  setae,  and  in  its  habitat.  The  author  be- 
lieves it  to  be  generically  distinct  from  all  hitlierto  described  forms,  thouEh  standing 
near  to  Caieochcste  or  Pht/Uaeiidium ;  he  proposes  for  it  the  name  oiSoroditcus 
rundarii,  

On  the  meant  ofcbviaHng  the  ravages  of  the  Potaio  Disease,  by  rainngfidly* 
grown  healthy  Potaioesfram  seed  in  one  season,    ByVf,  Hogan,  M.RJ,A. 

The  method  was  discovered  by  M.  Zander  of  Boitzenburg,  who  has  practised  it 
for  six  years  with  the  greatest  success*. 

The  following  extracts  are  from  M.  Zander's  published  letter : — 

**  I  first  raised  potatoes  from  seed  six  years  ago.  I  sowed  an  eighth  of  an  ounce, 
and  obtained  nearly  seven  sacks  of  fully-grown,  perfectly  sound  potatoes,  although 
in  the  same  year  almost  all  the  potatoes  in  my  neighbourhood  were  affected  by 
pock-mark  and  dry-rot.  I  have  regularly  raised  potatoes  from  seed  ever  since, 
and  tbey  have  remained  sound  during  the  whole  time,  and  last  year  (1845),  when 
the  disease  had  spread  over  all  Europe,  and  attained  the  greatest  virulence  in  this 
neighbourhood,  those  potatoes  which  I  had  previously  raised  from  seed,  as  well  as 
those  of  the  preceding  year,  continued  perfectly  exempt  firom  disease.  I  have  given 
potatoes  raised  from  seed  to  my  friends  and  acquaintances,  and  those  have  also 
remained  perfectly  free  from  the  universally  prevailing  disease.  From  an  ounce 
of  seed  you  may  raise  upwards  of  fifty  sacks  of  potatoes :  the  smallest  crop  I  ever 
had  from  half  an  ounce  was  twenty-four  sacks. 

"The  seed  is  saved  in  the  following  manner : — ^the  berries  should  be  gathered  in 
autumn,  before  the  frost  sets  in,  and  be  preserved  in  a  dry  place,  where  frost  cannot 
reach  them,  until  the  end  of  January,  when  the  berries  should  be  broken  by  the 
hand  and  placed  in  a  tub  or  other  vessel  for  six  or  eight  days  to  ferment;  water  should 
then  be  thrown  on  them  and  well-stirred  in  order  to  separate  the  pulp  and  husks 
from  the  seed,  which  should  then  be  dried  and  cleaned,  and  kept  in  a  warm  dry 
place  undl  the  middle  of  March. 

**  In  the  middle  of  March  or  beeinning  of  April,  the  seed  should  be  thinly  sown  in  a 
hot-bed,  and  by  the  middle  of  laay  there  will  be  fine  healthy  plants  which  may  be 
put  out  into  the  field ;  care  should  be  taken  to  put  them  out  before  they  form  tu« 
hers,  and  the  seed-bed  should  be  kept  moderately  moist  while  tbey  remain  in  it. 
They  should  be  planted  out  afUr  rain,  and  be  put  at  about  the  same  distance  from 
one  another  as  |M>tatoes  generally  stand  in  the  field.** 

The  foregoing  extracts  contain  two  most  important  statements :— one,  that  it  is 
possible  to  raise  an  abundance  of  fully-grown  potatoes  firon  seed  in  one  season ;  and 
the  other,  that  such  potatoes  will  resist  and  escape  the  generally  prevailing  disease, 
for  six  years  at  least.  Mr.  Hogan  then  enteral  into  a  statement  of  his  own  obsenra. 
tions  on  this  mode  of  adtivation  in  two  widdy-«cpanted  loealitict  in  C 

*  In  a  report  made  by  M.  Zutdetg  be  states  that  bis  plan  was  cqaally  saoccsr 
crop  of  1 846. 
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which  perfectly  confirmed  M.  Zander's  statement  as  to  the  first  point,  but  sug- 
gested that  many  experiments  must  be  made  in  various  places  and  under  Tarious 
circumstances,  before  it  can  be  certainly  said,  that  potatoes  raised  in  this  way  would 
resist  and  escape  the  disease,  though  he  expressed  his  hope  and  expectation  that 
they  would.  .«.«_«__ 

On  proposed  Substitutes  for  the  Potato. 
By  T.  D.  Morriss-Stirling,  F.ILSJS. 

The  Jerusalem  artichoke,  Scorzonera,  and  plants  containing  starch  in  their  roots, 
were  proposed ;  and  as  a  means  of  improving  the  potato  plant  itself,  it  was  suggested 
that  hybrid- plants  should  be  produced  between  the  SoUnum  tuberosum  and  some 
hardy  species  of  Solanum,  sucn  as  the  Solanum  nigrum* 


Or.  Lankester  exhibited  the  woody  fibres  of  the  Lavaiera  arborea  which  had  been 
sent  to  the  Section  by  Capt.  Peterson  through  Capt.  Ibbetson ;  with  the  suggestion 
that  it  might  be  of  use  in  the  arts  and  manufactures  of  the  country.  This  plant 
grows  abundantly  on  some  spots  in  the  Isle  of  Wight,  and  could  probably  be  easily 
cultivated  «_,■.«. 

On  the  Development  of  Cells.    By  A.  Henfrey,  FJL.S. 

The  author  believed  that  in  all  cases  these  were  developed  from  a  folding*in  of 
the  primordial  utricle.  He  was  inclined  to  regard  the  evidence  hitherto  priNiuced 
of  the  production  of  cells  from  cytoblasts  as  inconclusive.  He  did  not  tnink  that 
the  cytoblasts  were  the  efficient  cause  of  the  development  of  the  new  cells ;  but 
that  their  presence  in  certain  cases  of  multiplication  of  cells  by  division  had  led 
MuUer,  Schleiden  and  others  to  a  misconception  of  their  function.  The  cytoblast 
is  usually  present  at  an  early  period  of  cell-life  and  of  the  full  size;  and  celMiviuon 
takes  place,  or  commences,  at  an  epoch  when  the  cytoblast  completely  fills  that 
portion  of  the  primordial  utricle  which  is  about  to  form  a  new  cell.  When  the 
utricle  expands  to  form  a  cell,  the  cytoblast  remains  either  on  its  walls  or  free  in  the 
cavity.  We  have  here  an  appearance  simulating  the  development  of  membranes 
from  a  cytoblast  as  described  by  Schleiden ;  and  it  is  probable  tnat  these  appearances 
have  given  rise  to  Schleiden's  theory. 

Comparison  of  the  Periods  of  the  Flowering  of  Plants  in  the  early  Spring  t^ 
1846»  in  the  Botanic  Garden  of  Belfast^  and  the  Jardin  des  PtasUes  ai 
Paris.    By  W.  Thompson*. 

The  comparison  showed  that  the  same  species  flowered  much  earlier  at  Belfast 
than  at  Pans;  though  at  the  latter  locality  the  spring  of  1846  was  the  earliest  of  the 
last  forty  years.  It  was  suggested  that  returns  or  this  kind  from  the  Botanic  Gardens 
of  the  United  Kingdom,  and  these  again  compared  with  similar  catalogues  from  the 
public  gardens  on  the  continent,  would  possess  much  interest  in  various  points  of 
view.  . 

Notes  on  additions  to  the  Flora  of  Ireland.    By  W.  Thompson. 

A  few  species  of  phsenogamic  and  cr3rptogamic  plants  were  noticed  as  additions  to 
the  flora  of  Ireland,  and  specimens  exhibited.  The  phsenogamic  species  were  chiefly 
collected  by  Mr.  D.  Orr,  foreman  in  the  Belfast  Botanic  Garden. 


Notice  of  the  Shea  ButteT'Tree  growing  in  Africa.    By  3.  F.  Duncan. 

This  tree  was  first  discovered  by  Mungo  Park.  It  produces  from  its  seeds  a 
quantity  of  oily  matter,  which  is  used  by  the  natives  as  butter.  It  is  as  hard  at 
tallow,  and  may  be  used  for  making  ^^     .^ome  candles  nude  of  the  oily  secretion 

•  Publiihn*!  in  deteil  in  *  '  History  for  April  1847. 
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were  exhibited  to  the  Section  and  burnt ;  where  they  gave  as  good  a  light  as  those 
from  any  other  oleaginous  compound  used  for  this  purpose. 

Mr.  J.  F.  Duncan  forwarded  a  fruit  in  many  respects  resembling  an  orange  which 
he  had  observed  to  grow  abundantly  in  Africa.  When  pulled  from  the  tree  in  a 
ripe  state  the  interior  substance  is  about  the  consistence  of  an  orange,  and  is  con* 
sidered  superior  to  anything  manufactured  in  England,  as  soap. 


On  the  Foliage  and  Inflorescence  of  the  genera  PhyUanthue  and  XylopkyUa. 

By  B.  Clarke,  FJL.S. 

The  leafy  appendages  from  which  the  flowers  in  most  of  the  species  of  these  genera 
spring  have  been  described  by  authors  in  general,  up  to  the  present  time,  as  branches. 
The  author,  having  examined  their  structure  and  relations  closely,  has  come  to  the 
conclusion  that  they  are  in  almost  all  cases  true  leaves.  Several  species  of  the 
genera  Phyllanthus  and  Xylophylla  were  described ,  and  the  author's  views  of  their 
structure  explained  by  drawings.  In  conclusion,  he  suggested  whether  the  additional 
leaf-buds  which  are  sometimes  seen  in  the  axils  of  leaves  do  not  originate  from  the 
base  of  the  petiole.  Such  buds  occur  in  the  genus  Rubus ;  in  some  species  of  which 
the  additional  bud  is  developed  beneath  the  axillary  bud  instead  of  on  one  side  of  it. 


The  following  letter  from  the  Hon.  F.  Strangways  was  communicated  by  Sir  R.I. 
Murchison,  GJS.St.S. : — In  the  neighbourhood  of  Alexandersbad,  near  Wunsiedel,  a 
few  miles  south  of  the  road  from  Bayreuth  to  Eger,  in  the  Fichtelgebirge,  is  a  moun- 
tain called  now  the  Loubenber^ — formerly  the  Luchsberg — which  is  much  visited  by 
strangers  on  account  of  some  ot  its  natural  peculiarities.  It  appears  not  to  consist  of 
any  mass  of  rock  in  situ,  but  to  be  an  enormous  heap  of  disconnected,  but  rounded 
fragments  of  granite,  thrown  confusedly  upon  one  another,  leaving  arches  and  pas- 
sages and  grottoes  of  various  sizes  wherever  the  interstices  have  not  been  filled  up 
with  smaller  pieces,  together  with  granitic  gravel.  The  whole  is  so  overgrown  with 
wood, that,  except  where  paths  have  been  made,  it  is  difficult  to  penetrate.  The  round- 
ing of  the  blocks  seems  to  be  rather  the  effect  of  disintegration  than  of  water.  One  of 
the  caverns  or  chambers,  formed  by  a  single  flat  table  of  granite  resting  horizontdlv, 
as  a  roof,  upon  other  masses,  is  a  tolerably  exact  circle  ofnearly  sixty  feet  English  m 
diameter.  Many  that  penetrate  deeper  into  the  mountain  or  mass  of  rocks  are  mere 
crevices;  but  they  present  a  remarkable  phenomenon,  which  is  not  observable  in  the 
more  open  ones.  This  phaenomenon  consbts  in  a  pale  but  beautiful  greenish-yellow 
phosphorescent  li^ht,  wnich,  as  the  observer  proceeds  into  the  cave,  b^omes  stronger 
and  stronger,  till  it  can  be  compared  only  to  that  of  hundreds  of  glowworms  lying 
close  together  on  the  ground ;  and  it  is  singular  that  the  light,  however  strong  it 
may  bei,  does  not  assume  the  appearance  of  a  sheet,  but  always  seems  to  lie  in  spots, 
though  close  together.  On  taking  up  some  of  the  mould  upon  which  this  phospho- 
rescence appears  to  rest  and  bringing  it  to  daylight,  its  own  light,  as  might  be  ex- 
pected, is  overcome,  and  disappears ;  nothing  being  seen  in  the  hand  but  the  black 
earth,  a  little  sand,  some  minute  whitish  cryptogamic  powder  (?)  and  a  few  fronds 
of  a  very  small  filmy  moss  of  a  pale,  transparent  green  colour.  On  taking  the  mould 
back  into  the  darkness,  the  phosphorescence  re-appears,  but  so  much  dimmed  that  it 
should  seem  as  if  the  slightest  disturbance  had  a  tendency  to  dissipate  it,  and  that  it 
required  time  and  repose  to  form  or  collect  it  anew.  The  traditions  of  the  country, 
or  rather  the  superstitions,  have  long  pointed  out  this  mountain  both  as  the  reposi- 
tory of  gold  and  precious  stones,  and  as  the  abode  of  evil  spirits,  or  Koboids,  who 
amuse  themselves  by  tanulizine  credulous  mortals  with  the  view  of  gems  and  riches 
without  end,  which,  when  touched,  are  turned  into  dross  or  vanish  from  the  sight. 
The  explanation  given  by  this  phasnomenon  to  such  a  belief,  current  among  a  simple 
and  imaginative  people,  is  evident.  The  original  name  of  the  mountain  itself, 
Luchsberg,  i.e.  Lynxberg,  is  somewhat  expressive  of  this  peculiarity. 
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MEDICAL  SCIENCE. 

On  the  Physiology  of  the  Encqihaion,    By  W.  B.  Carpenter,  MJ^.tF*R.S* 

The  object  of  this  communication  was  to  bring  under  consideration  the  inferenoea 
to  which  we  are  led  by  the  study  of  Comparative  Anatomy,  in  regard  to  the  fanctiona 
of  different  parts  of  the  human  encephalon.  He  first  pointed  out  that  our  com- 
parisons need  not  be  restricted  to  vertebrated  animals,  since  the  ganglionic  centres 
of  invertebrata  may  be  shown  to  be  analogous  with  certain  portions  of  the  cerebro- 
spinal system  of  the  vejrtebrata.  He  stated  it  to  be  a  universal  fact,  that  all  organs 
of  special  sense  have  distinct  ganglionic  centres,  which  must  be  regarded  as  the 
instruments  of  their  respective  sensations  and  as  the  sources  of  motions  directly 
connected  with  those  sensations ;  and  that  the  whole  cephalic  mass  of  invertebrated 
animals  was  composed  of  a  collection  of  such  ganglia,  without  any  vestige  (except 
in  the  highest)  of  cerebrum  or  cerebellum.  These  organs  make  their  first  appear- 
ance in  fishes ;  and  bear  at  first  but  a  small  proportion  to  the  chain  of  sensory 
ganglia,  which  forms  the  anterior  termination  of  the  spinal  cord.  In  fishes  we  find 
distinct  olfactive,  optic  and  auditory  nervous  ganglia,  together  with  thalami  optict 
and  corpora  striata,  the  degree  of  development  of  which  has  no  reference  to  that  of 
the  cerebrum ;  in  fact,  the  bodies  usually  called  the  cerebral  lobes  of  fishes  are  (ex- 
cept in  the  sharks,  &c.,  which  have  vestiges  of  cerebral  hemispheres)  almost  entirely 
composed  of  the  homologues  of  the  corpora  striata.  Hence  Dr.  Carpenter  con- 
sidered that  these  bodies,  instead  of  being  appendages  to  the  cerebrum,  really  belong 
to  the  group  of  sensorial  ganglia,  and  are  to  be  regarded  as  together  making  up  the 
ganglionic  centres  of  common  or  tactile  sensation,  and  of  the  movements  prompted 
or  directed  by  it.  This  chain  of  ganglia,  although  comparatively  small  in  man,  with 
reference  to  tiie  bulk  of  the  cerebral  hemispheres,  still  exists  in  him,  and  must  be 
regarded  as  the  instrument  of  the  same  operations  as  those  to  which  it  ministers  in 
the  lower  animals.  Arguing  from  actions  in  the  latter,  and  analogous  phsenomena 
in  man  in  health  and  in  disease,  the  author  attributes  to  the  sensory  ganglia  the 
formation  of  sensations,  and  the  origination  of  respondent  movements,  which  may 
be  distinguished,  as  consenaudl.  To  this  category  the  purely  instinctive  actions  of  the 
lower  animals,  which  seem  executed  without  any  idea  of  purpose,  and  in  simple 
respondence  to  the  promptings  of  sensation,  appear  referrible ;  together  with  a  variety 
of  actions  in  man,  such  as  that  of  yawning,  from  the  sight  or  sound  of  the  act  in 
another.  Dr.  Carpenter  hence  endeavoured  to  show  that  we  must  regard  the 
cerebrum  as  the  instrument  of  the  formation  of  ideas,  of  the  memory  of  ideas  and 
sensations,  and  of  the  intellectual  processes  founded  upon  them,  which  terminate  in 
an  act  of  the  will ;  and  he  pointed  out  that  ideoB  may  produce  the  same  effect  on 
muscular  movement  as  sensations  themselves,  as  when  the  suggestion  of  the  idea  of 
yawning  induces  the  action.  He  also  showed  how  the  anatomical  connexions  of 
the  cerebrum  with  the  sensory  ganglia  would  cause  its  communicating  fibres  to  exert 
an  influence  on  the  latter,  corresponding  with  that  which  is  effected  by  the  sensations 
directly  received  from  the  organs  of  sense.  With  respect  to  the  emotion$,  he  endea- 
voured to  show  that  they  may  be  regarded  as  compound  states  resulting  from  the 
simple  feelings  of  pleasure  and  pain  associated  with  certain  ideas,  or  classes  of 
ideas  :  the  feelings  of  pleasure  or  pain  he  would  locate,  with  the  sensations  which 
commonly  excite  them,  in  the  sensorial  ganglia ;  whilst  the  formation  of  the  ideas, 
which  are  essential  parts  of  the  emotions  and  propensities,  is  clearly  a  cerebral  ope- 
ration :  and  he  showed,  in  conclusion,  how  this  view  of  the  functions  of  the  principal 
parts  of  the  encephalon  harmonizes  with  the  known  duplex  action  of  the  emotions, — 
first  in  producing  involuntary  movements,  and  secondly  in  stimulating  and  influencing 
the  reasoning  processes.  -«__.^ 

On  the  Relations  of  Sensation  to  the  higher  Menial  Processes. 

By  R.  Fowler,  M.D.,  F.R.S. 

The  author  observed  that  man,  when  viewed  as  a  whole,  should  be  considered  as 
consisting  of  a  body,  constituting  the  instrument  of  the  mind»  as  the  telescope  is  of 
the  eye,  acgustible  but  not  adjusted  Sons  are  perceived  through  the 
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medium  of  the  muHular  $en»e,  as  the  images  reflected,  or  refracted  \a  telescopes  are 
the  signs  of  external  objects  to  the  e^e.  Animals  have  adjustments  ready-made  : 
man  has  to  learn  his.  To  see  and  to  touch,  as  an  artist,  or  even  in  the  common 
usages  of  life,  a  man  just  couched  is  as  an  infant ;  till  he  can  adjust  he  sees,  as  we 
do  with  an  unadjusted  telescope,  merely  a  vague  light.  This  gives  rise  to  tcorcA. 
To  Me  with  intelligence,  we  must  look,  that  is,  €xert  the  combined  adjustments :  this 
constitutes  an  appreciable  distinction  between  semation  and  perception,  .The  unad- 
juusted  impressions  pass  the  mind  as  vague  trains  of  thought,  linked  and  associated 
sequences,  the  machinery  of  reveries  and  dreams.  That  searching  to  obtain  well- 
defined  perceptions  is  effected  by  adjustments,  attention  to  our  own  working  o&feroa- 
Hon  will  afford  abundant  proof;  but  a  more  protracted  attention  is  necessary  to 
jproYe,  and  to  convince  a  man,  that  his  memory  and  powere  qf  conception  equlCUy 
depend  on  the  mind's  perception  of  a  reiteration  of  the  adjustmente  of  eeneation.  But 
that  this  is  so  we  have  proof,  in  the  corporeal  actions  induced  by  conception  being 
like  those  produced  by  sensation  in  the  presence  of  the  objects.  Thus  conception  of 
savoury  food  excites  secretion  in  the  salivary  glands — the  conception  of  an  insult 
excites  the  feelings  and  gestures  of  anger,  &c.  In  the  power  of  forming  and  giving 
fixity  of  tenure  to  conceptions  men  differ  vndely.  It  is  to  this  power  Dr.  Johnson 
alludes,  when,  in  his  Tour  to  the  Hebrides,  he  says,  that  whatever  can  make  the  past, 
the  distant  and  the  future  prevail  over  the  present,  raises  us  in  the  scale  of  thinking 
beings.  Now  Dr.  Darwin  and  Sir  David  Brewster  have  shown  that  these  concep- 
tions are  effected  by  adjustments  of  the  body;  in  other  words,  that  the  "mind's  eye" 
is,  in  fact,  the  body's  eye.  To  have  vivid  conceptions  disposable  by  our  volition, 
forms  the  orator»  the  poet,  the  sculptor  and  the  painter.  After  numerous  illustra- 
tions of  this  faculty  and  allusions  to  it  by  the  poets,  the  author  stated  that  these 
sensations,  perceptions  and  conceptions  do  not  exist  in  an  insulated  state ;  the  ad- 
justments by  which  they  are  affected  are  so  linked  and  associated  by  retransmissions 
through  the  brain  to  the  other  organs  of  sense,  that  they  reciprocally  call  up  each 
other.  This  linked  aseociation  of  adjustments  he  took  to  be  the  machinery  by  which 
the  association  of  our  ideas  is  effected,  and  that  the  propensity  of  our  structure  to  these 
functional  adjustments  constituted  all  we  had  of  ideas  which  had  been  denominated 
innate ;  and  he  considered  that  this  reciprocating  perception  from  different  sources 
of  sensation  (as  the  eye  and  ear)  gave  birth  to  the  ideal  theory  of  "  species,  images 
of  forms  and  colour  of  things  without  their  matter,"  of  the  old  metaphysicians.  In 
conclusion,  the  author  contended  that  Mr.  Hume's  opinion  on  the  non-existence  of 
the  idea  of  power,  and  of  cause  and  effect  (except  as  antecedent  and  consequent), 
and  the  arguments  and  facts  adduced  against  that  opinion,  receive  an  elucidation 
from  the  consideration  of  the  modes  of  action  of  the  muscular  sense,  but  of  which 
neither  Mr.  Hume  nor  his  critics  could  at  that  time  have  been  apprised,  as  the  dis* 
covery  had  not  been  completed. 

Yet  these  impressions  (our  guides  in  all  corporeal  exertions)  belong  alike  to  men 
and  all  inferior  animals,  and  most  have  been  at  all  times,  and  in  all  places  where 
muscular  exertions  have  occurred.  Yet  such  is  the  law  of  sensation,  that  the  mind 
passes  this  muscular  feeling  unnoticed,  and  attends  solely  to  his  perception  of  the 
object  by  which  the  sensation  was  excited.  Thus  the  attention  of  the  seaman  who 
heaves  the  lead  is  directed  only  to  the  contact  of  the  lead  when  it  touches  the  bot- 
tom. Every  boy  who  throws  a  stone,  every  horse  on  its  approach  to  a  leap,  estimates 
its  power  by  these  feelings,  although  thinking  at  the  time  only  of  the  distant  ohfect 
of  its  aim.  I  think  any  man  capable  of  making  his  sensations  the  subjects  of  his 
thoughts,  may  satisfy  himself  that  our  ideas  of  cause  and  power  have  their  source 
in  these  and  like  evanescent  muscular  feelings  or  impressions. 

Is  it  not,  too,  from  similar  feelings  of  muscular  power,  recognised  from  day  to  day 
to  be  the  same  which  we  have  felt  from  our  earlier  years,  that  we  are  assured  of  the 
continuance  of  our  personal  identity  ? 

On  the  Cause  of  the  Bloods  Circulation  through  the  Liver. 

By  Charles  Searle,  ilf.Z). 

Afler  alluding  to  the  powers  which  circulate  the  blood  in  the  system  generally,  the 
author  declared  it  to  be  still  a  problem  by  what  combined  forces  the  portal  circular 
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tion  was  carried  on  in  the  liver, — one  cause  of  the  general  circulation  being  appa- 
rently absent,  namely,  the  oxygenation  of  the  blood  in  the  arterial  system,  in  the 
portal  system  the  blood  being  deemed  wholly  venous.  The  solution  of  the  problem 
depended,  he  thought,  on  the  fact  that  the  stomach  and  bowels  were  (like  the  cuta- 
neous) a  respiratory  surface,  by  which  the  portal  blood  becomes  oxygenated  to  the 
necessary  degree.  In  support  of  this  view  he  adduced  the  experiments  of  Majendie, 
who  found  eleven  per  cent,  of  oxygen  in  the  stomach  of  criminals  examined  after 
decapitation,  and  carbonic  acid  and  nitrogen  in  the  intestines ;  the  source  of  this 
oxygen  he  believes  to  be  the  air  swallowed  with  the  food  and  saliva,  and  in  combi- 
nation with  cold  water.  This  oxygen  he  believes  to  be  absorbed  by  the  veins  and 
lacteals,  and  communicated  as  a  source  of  power  to  the  portal  vessels.  He  deemed 
th^  absorbing  power  of  the  gastric  and  mesenteric  veins  to  be  increased  by  the  dimi- 
nution of  the  quantity  of  blood  in  the  vessels  by  the  secretion  of  bile.  In  conclusion, 
he  thought  the  ruminant  animals  required  an  additional  supply  of  oxygen  to  main- 
tain the  respiratory  function  over  their  large  gastro-intestinal  surface,  and  that  this 
was  supplied  from  their  peculiar  fiinction  of  rumination. 


On  some  Diseases  resulHngfrom  the  immoderais  Use  q^  TiAaceo. 

By  T.  Laycock,  MJ>. 

The  diseased  action  from  the  continuous  and  immoderate  use  of  this  poisonous 
substance  was  observed  to  pervade  the  mucous  membranes  of  the  digestive  and  re- 
spiratory systems,  producing  congestive  in^ammation  of  the  fauces  and  stomach, 
and  of  ue  nares,  frontal  sinuses,  larynx,  and  bronchial  lining  of  the  lungs.  Gas- 
tritis with  the  symptoms  of  aggravated  indigestion  and  hsmoptoe  were  among  the 
worst  results  of  these  affections  ;  but  it  was  found  in  many  cases  to  produce  disease 
of  the  circulating  organs  and  of  the  nervous  system — weakening  the  force  and  regu- 
larity of  the  heart's  action,  and  diminishing  the  intellectual  and  moral  powers.  In 
conclasion.  Dr.  Laycock  read  a  report  from  Dr.  Wright  confirming  his  own  obser- 
vations, and  contaming  experiments  demonstrating  the  physiological  action  of  the 
drug  on  animals.  ...,«._« 

Diagrams  showing  the  MortaUiy  of  Diarrhoea  concurrendy  with  progressive 
increase  ^temperature  in  London.    By  T.  Laycock»  M^D. 

The  lines  representing  temperature  and  mortality  were  seen  to  be  persistently, 
and  even  minutely  regular ;  not  coincident  in  point  of  time,  but  those  indicating 
the  mortality  following  those  of  temperature  by  about  a  week's  interval.  The  tables 
extended  over  five  years,  and  the  uniformity  of  elevation  and  depression  continued 
throughout.  __« 

On  apecuUarform  of  Ulceration  of  the  Cervix  Uteri.    By  Dr.  H.  Bbnkkt. 


STATISTICS. 


Statistics  of  Civil  Justice  in  India  for  four  years^  from  1841  fo  1844^  both 

inclusive.    By  Lieut- Colonel  Sykes,  F.R,S, 

The  present  returns  are  supplementary  to  those  published  by  the  Statistical  Society 
of  London,  and  are  brought  forward  by  the  author  as  well  to  test  the  continued  work- 
ing of  the  system  of  administration,  as  to  afford  data  for  determining  the  effect  of  the 
recent  politic  efforts  to  improve  the  intellectual  standard  of  the  native  administrators, 
by  introducing  into  their  body  natives  who  have  passed  certain  prescribed  examina- 
tions at  the  colleges  and  schools  established  by  the  East  India  Company  in  their  ter- 
ritories in  India.  The  returns  -*  '  ' '  "  ■  -satisfactory.  Under  the  four  governments 
of  India,— Bep^'    *         "  v,  the  whole  of  the  courts,  both  Eu?u- 
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pean  and  native,  with  few  exceptions,  appear  to  have  got  through  thacuqrtethu^neM 
of  each  year;  and  to  a  greater  or  less  extent  to  have  diminished  the  arN^ef/fc^ip^ 
yean.  ^**^~-   ,., 

The  administration  hy  natives  appears  to  have  worked  quite  as  well  as  before ; 
from  ninety-seven  to  ninety-nine  per  cent,  of  the  whole  civil  business  having  been 
performed  by  them ;  and  sufficiently  well  performed,  if  the  amount  of  appeals,  and 
number  of  reversals  of  decisions,  be  the  standards  by  which  to  judge.  A  decided 
improvement  has  taken  place  in  the  shortening  the  average  duration  of  suits  in  all 
the  courts  under  the  Bengal  and  Agra  governments;  in  the  highest  court  of  appeal, 
(corresponding  to  Chancery)  from  one  year  seven  months  and  eight  days  in  1841,  to 
one  year  and  one  month  in  1844.  The  Zillah  and  city  judges  (European)  shortened 
the  time  of  their  average  decisions  from  ten  months  and  eleven  days  in  1841,  to  seven 
months  and  seven  days  in  1844;  the  principal  Sudder  Ameens  from  seven  months 
and  ten  days,  to  five  months  and  twenty-two  days ;  the  Sudder  Ameens  from  eleven 
months  and  fourteen  days,  to  five  months  and  five  days ;  and  the  Moonsifis  from  five 
months  and  nineteen  days,  to  four  months  and  fourteen  days,  from  1841  to  1844  re* 
spectively;  the  last  three  descriptions  of  judges  being  natives.  The  Agra  judges 
were  a  still  shorter  average  time  in  their  decisions  than  those  of  Bengal, — tne  Su- 
preme Appellate  Court  reducing  its  time  from  seven  months  and  thirteen  and  a  half 
days,  to  six  months  and  eighteen  days;  the  European  Zillah  judges  from  seven 
months  and  three  days,  to  four  months  and  sixteen  days ;  the  principal  Sudder  Ameens 
from  three  months  and  eleven  days,  to  three  months  and  seven  days ;  and  the  Moon- 
siffs  from  three  months  and  one  day,  to  two  months  and  twenty-one  days.  The  Sud- 
der Ameens  had  slightly  increased  their  former  average  time. 

The  value  of  the  litigated  property  before  the  triounals  in  Bengal,  varied  from 
7,845,178/.  in  1841,  to  3,006,154/.  in  1844;  before  those  of  Agra,  for  the  same 
periods,  from  1,637,941/.  to  1,442,861/. 

Colonel  Sykes  observes,  that  an  opinion  obtains  in  England,  and  even  in  India, 
that  the  lana-tax  is  oppressive  to  the  cultivators  or  farmers ;  but  under  the  Bombay 
government  for  the  years  1842,  1843,  and  1844,  the  only  farmers  or  cultivators  in 
jail  at  the  instance  of  government  for  arrears  of  land-tax  were  nine,  ^ve,  and  two 
only  for  the  respective  years ;  and  as  this  was  out  of  a  population  of  between  six  and 
seven  millions  of  souls,  it  cannot  be  believed  that  the  land-tax  is  of  the  oppressive 
character  represented.  .««-«_ 


\ 


Statistics  of  the  Criminal  Courts  of  India,     By  Lieut-Colonel  Sykbs,  F,R.S. 

The  author  submitted  detailed  tables  of  the  operation  of  the  various  criminal 
courts  under  the  four  governments  of  Bengal,  Agra,  Madras,  and  Bombay.  The 
want  of  a  common  form  for  the  returns  from  the  several  courts  under  the  respective 
governments  occasioned  discrepancies  in  the  amount  of  the  information  supplied ; 
a  drawback  upon  the  utility  of  the  returns  which  can  be  easily  remedied.  In  the 
Bengal  courts,  out  of  322,394  prisoners  tried  in  the  four  years,  from  1841  to  1844, 
both  inclusive,  112  offenders  were  condemned  to  death,  being  only  0'034  per  cent,  of 
the  whole  offenders,  or  one  in  2878  criminals.  In  the  Madras  courts  271,842 
offenders  were  tried  during  the  four  half-years,  commencing  with  the  second  half  of 
1842  and  ending  with  the  first  half  of  1844,  both  inclusive ;  of  this  number  eighty- 
four  were  condemned  to  death,  or  0*031  per  cent,  or  one  in  3236  criminals ;  a 
singular  approximation  to  the  proportions  under  Bengal.  In  the  Bombay  courts,  in 
the  years  1843  and  1844,  there  were  tried  113,080  offenders,  and  of  this  number 
forty  were  condemned  to  death  ;  being  0*035  per  cent.,  or  one  in  2827  criminals ; 
a  still  closer  approximation  to  the  Bengal  proportions  than  the  Madras  returns  gave. 

The  criminal  courts  of  Bengal,  Agra  and  Bombay,  permit  of  appeals  against  their 
sentences  to  the  Nizamut  or  Foujdary  Adawlut,  the  supreme  criminal  court;  and  the 
importance  of  this  privilege  is  manifested  by  the  fact,  that  the  Nizamut  Adawlut  of  Bom- 
bay, in  1843,  annulled  ninety  sentences  and  mitigated  eighty-nine  others  out  of  1021 
appealed.  Important  modifications  or  revocations  of  sentences  appear  also  to  have 
taken  place  under  the  Agra  government.  The  Bengal  returns  do  not  show  the 
decisions  in  appeals ;  and,  under  the  Madras  government,  the  returns  do  not  indicate 
that  appeals  are  permitted. 

Unaer  all  the  governments  in  India,  transportation  for  life  in  lieu  of  imprisonmer 
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for  life  had  been  substituted,  or  was  in  progress  of  substitution ;  and  very  lengthened 

imprisonments  were  discouraged. 

Criminal  jurisdiction  in  minor  cases  appears  to  be  exercised  by  the  superior  natire 

judges  under  all  the  governments. 

The  proportional  sentences  of  death  in  India  contrast  very  favourably  with  similar 

sentences  in  England  and  Wales,  in  the  corresponding  years.    In  England  and 

Wales  in  the  year 

1841 Prisoners 27,760    Sentences  of  death 80 

1842 ditto 31,309        ditto 57 

1843 ditto 29,591         ditto 97 

1844 ditto 26,542        ditto 57 

Total 115,202  Total 297 

which  gives  a  per*centage  of  0*258,  or  one  sentence  of  death  to  every  388  prisoners ; 
the  proportion  in  Bengal  being  one  in  2878.  The  committals  to  the  population  in 
Englanct  and  Wales,  in  1841,  were  one  to  619  souls;  and  in  Bengal,  in  the  same 
year,  one  to  620  souls.  ^__«-^ 

Statistics  tf  the  Government  Charitable  IHspensaries  of  India* 
By  Lieut-Colonel  Sykbs,  F.R,S. 

The  chief  object  of  the  author  was  to  show  the  practical  good  resulting  from  the 
education  afforded  in  medicine  and  surgery  to  young  natives  of  India,  principally  in 
tlie  Medical  College  of  Calcutta.  Young  natives,  having  passed  certain  prescribed 
examinations,  were  appointed  to  the  charge  of  government  charitable  dispensaries 
benevolently  established  by  the  government  of  India  in  Bengal  and  the  north-west 
provinces.  The  dispensaries,  seventeen  in  number,  were  respectively  in  charge  of 
the  native  sub-assistant  surceons ;  but  under  the  control  of  the  civil  surgeon  of  the 
station,  or  that  of  the  superintending  surgeon  of  the  district  Both  the  superintend- 
ant  and  the  native  sub-assistant  surgeons  were  directed  to  report  hair-ycarly,  for  the 
information  of  government,  to  the  medical  board  at  Calcutta.  These  reports  were 
made  in  English^  and  several  of  the  reports  of  the  natives  were  not  distinguishable 
IVom  those  of  the  highly- educated  European  surgeons,  whether  in  grammatical  con- 
struction, technical  phraseology,  perspicuity  in  expression,  or  rational  observation. 
Some  of  the  reports  embraced  the  writer's  views  upon  the  drainage  and  sanatory'  con- 
dition of  towns ;  the  influence  of  intramural  or  proximate  burial-grounds  (Mahome- 
dau)  upon  public  health;  the  meteorology  of  the  seasons,  as  influencing  disease;  the 
superstitions  and  prejudices  of  caste  in  the  people,  as  debarring  the  people  from  de- 
riving the  full  benefit  of  the  dispensaries ;  upon  the  use  of  the  dispensaries  as  schools 
of  instruction ;— these,  and  many  other  topics,  are  ably  noticed  in  several  of  the  re- 
ports. All  the  sub-assistant  surgeons  use  the  knife  with  dexterity  and  success,  am* 
putating  limbs,  cutting  for  the  stone,  couching  for  cataract,  &c. ;  and  some  of  them 
send  drawings  of  the  stones  they  extract ;  others  report  upon  the  introduction  and  use 
of  new  medicines  (unknown  to  English  pharmacy);  and  one  of  tliem  (Ram  Narraen 
Dol^  of  Cawnpoor)  eives  a  botanical  description,  and  sends  a  drawing  of  a  plant  (a 
Convolvulus)  producing  a  new  medicine,  a  substitute  for  rhubarb ;  others  give  a  che- 
mical analysis  of  the  new  medicines  they  introduce,  and  sometimes  re-analyse 
medicines  with  metallic  basea  used  by  the  hakeems  or  physicians  of  the  country.  In 
all,  S33  new  medicines  are  brought  to  notice.  The  reports  are  accompanied  by  tabu- 
la^ returns  of  the  diseases  treated,  arranged  under  fifty-eight  heads,  with  a  column 
of  *  alii  morbi,*  which*  in  spite  of  the  fifty-eight  diseases  enumerated,  \%  very  compre- 
hensive in  its  character.  The  returns  from  the  majority  of  the  dispensaries  are  for 
six  half-^vears,  and  these  Colcmel  Sykes  has  arranged,  added  up,  and  analysed.  The 
reeults  snowed  that  the  **  House  List"  and  the  *'  Out  Patient"  practice  embraced 
267,456  cases,  of  which  168,871  were  cured,  2417  died,  and  96,768  ceased  to  attend, 
and  the  results  were  not  known.  Colonel  Sykes  treats  in  detail  of  local  peculiarities 
In  the  development  of  diseases.  He  concludes  his  paper  with  the  following  observa- 
tions >—**  In  eonduaioo,  it  has  been  contemptuously  said,  and  is  still  said,  maX  in  ease 
the  Companv  s  government  in  India  were  swept  away,  not  a  monument  of  its  existence 
would  remain  to  attesi  it&  for-  ^  nower.     No  doubt  the  governments  that 

have  pveceded  '  ^nt  prooGi  of  their  existence.    The  early 
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Buddhist  and  Hindoo  aulhorities  have  indeed  left  prodieious  monuments  of  their  wealth, 
of  their  power,  of  their  perseverance,  and  of  their  religious  enthusiasm,  in  their  mighty 
cave-temnles,  and  vast  religious  edifices.  The  Mahomedans,  too,  have  studded  the 
lands  with  their  magnificent  mausolea,  testifying  rather  to  their  pride  than  their  piety. 
And  what  have  the  British  done?  I  say  that  we  have  raised  greater  and  more  lasting 
monuments  than  all  these.  One  small  extract  from  a  report  of  a  native  suh-assistant 
surgeon  shall  justify  my  assertion.    Chimman  Ldl,  of  Delhi,  says — 

'  1st  August  1841. — One  boy,  about  twelve  years  of  age,  who  had  been  blind  from 

cataract  in  both  eyes  from  the  aye  of  two  years,  was  operated  on  by  couch" 

ing,  and  restored  to  sight* 

"  The  faculty  given  to  a  single  native  to  perform  the  godlike  office  of  restoring  the 
blind  of  his  countrymen  to  sight,  is  a  more  glorious  monument  than  all  the  works  of 
art  that  human  pride  or  human  ambition  have  ever  burthened  the  earth  with ;  but 
when  we  find  scores  of  such  individuals  endued  with  such  a  faculty,  and  thousands, 
nay  tens  of  thousands  possibly,  the  recipients  of  the  blessing  they  can  confer;  when 
we  find  the  medical  board  of  the  Bengal  government  reporting  to  government  on  the 
22d  August  1843,  *  We  have  every  reason  to  believe  that  the  benevolent  intentions 
of  epovernment  in  founding  these  institutions  (the  dispensaries)  have  been  fully  realized; 
and  we  feel  confident  that  future  annual  results  will  add  to  the  intrinsic  value  of  the 
dispensaries,  which  are  so  well  adapted,  by  their  internal  oeconomy,  to  obtain  the  con- 
fidence of  the  native  inhabitants.    Many  have  had  their  sight  restored,  others  have 
been  cured  of  hydrocele,  and  relieved  when  in  the  last  stage  of  dropsy.     Several  also 
hare  derived  effectual  relief  from  the  successful  operations  for  stone  in  the  bladder; 
a  few  have  been  saved  from  a  miserable  death  by  the  amputation  of  diseased  mem- 
bers; and  large  tumours  have  been  removed.    Such  operations  could  not  have  been 
achieved  by  native  practitioners  without  producing  an  impression  on  the  minds  of  the 
most  apathetic  natives ;  and  they  must  tend  to  spread  far  and  wide  the  value  of  the 
government  dispensaries.'    Then,  I  say,  and  with  a  thorough  conviction  of  the  truth 
of  my  assertions,  in  case  the  seeds  of  knowledge  we  have  thus  sown  fructify  to  a  gene- 
ral and  luxuriant  harvest,  that  we  shall  have  left  a  monument,  compared  with  which 
those  of  Ashoca,  Chandra  Gupta  and  Shah  Jehan,  or  of  any  other  Indian  potentate, 
will  sink  into  insignificance,  and  their  names  shall  fall  on  men's  ears  unheeded ;  while 
those  of  Lord  Auckland,  as  projector,  and  of  Goodeve  and  Mouatt  and  others  as  zealous 
promoters  of  scientific  native  medical  education,  shall  remain  embalmed  in  the  me- 
mory of  a  grateful  Indian  posterity." 

Colonel  Sykes  only  cursorily  noticed  the  charitable  dispensaries  under  the  Madras 
and  Bombay  governments,  in  consequence  of  the  absence  of  detailed  reports. 


On  the  Medical  Relief  to  the  Parochial  Poor  of  Scotland  under  the 
Old  Poor  Law,    By  Prof.  Alison,  MJ). 

It  was  stated  that  as  the  objections  made  by  Dr.  Chalmers  and  others  to  establishing 
a  legal  and  adequate  provision  for  the  poor  in  Scotland  did  not  apply  to  medical 
relief,  the  efficiency  of  that  relief,  under  the  old  Scottish  law,'  would  be  a  fair  test 
of  the  efficacy  of  the  voluntary  svstem  of  charity.     An  association  of  medical  prac- 
titioners was  formed  at  Edinburgn,  in  November  1845,  to  collect  information  on  this 
subject.    It  appeared  that  in  Edinburgh  there  was  no  provision  for  medical  relief 
from  the  poor-funds,  except  for  the  indoor  paupers  in  the  charity  workhouse.   Previous 
to  1815  no  assistance  was  given  by  any  institution  to  the  sick  poor  at  home ;  and  though 
since  that  period  the  duty  had  been  gratuitously  undertaken  by  the  officers  of  several 
dispensaries,  it  had  not  been  effectually  or  regularly  performed.    In  the  Canongate,  the 
dispensary  aid  to  the  poor  came  to  a  sudden  close  in  the  midst  of  the  late  epidemic 
fever,  in  consequence  of  the  death  of  one  of  the  medical  officers  who  had  acted  as 
treasurer.     By  the  recent  Act  ten  duly  qualified  and  paid  officers  have  been  appointed 
to  take  charge  of  the  sick  paupers  in  the  different  districts ;  bat  Dr.  Alison  lamentfil 
that  the  provision  had  been  abandoned  which  compelled  the  parishes  to  com' 
giving  relief,  as  in   Edinburgh  the  rich  congregate  at  one  extremity  of  the 
the  poor  at  the  other.     In  Glasgow  relief  has  been  given  by  paid  medical  a 
for  some  years.     Returns  were  obtained  from  forty  towns,  exclusive  of  F 
and  Glasgow  ;*-firom  which  it  appeared  that  in  sixteen  of  these  towns 
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absolutely  no  requited  medical  relief,  either  from  the  public  authorities  or  from 
voluntary  subscriptions.     In  four,  an  occasional  payment,  never  exceeding  a  few 
shillingii,  had  been  made  on  special  occasions.     In  Campbeltown  10/.  was  allowed  to 
the  professional  men  during  the  epidemic  fever.     In  Kirkintilloch  a  similar  sum  was 
given,  but  by  a  private  individual.     In  Dundee  during  the  same  fever  5/.  each  was 
allowed  to  six  dispensary  surgeons.     In  some  other  places  21.  was  given  toa  ^i^eon; 
and  in  others  a  small  allowance  was  made  for  drugs.     In  anticipation  of  the  new 
Poor  Law,  lOL  has  been  allowed  annually  for  medical  relief  in  Alloa.     In  Dunbar 
6/.  6s,,  but  this  includes  the  suppiv  of  drugs.     In  Dunfermline  20/.  a  year,  not 
including  drugs.     In  Greenock  25/.  per  annum  has  been  paid  to  each  of  three 
district  surgeons.     In  Kilmarnock  10/.   each  to  three  surgeons.     In  Wick  15/.  is 
divided  between  two  surgeons.     In  Dumfries  10/.  to  one  surgeon.     The  unrequited 
medical  labour  is  stated  by  twenty-five  gentlemen,  and  ranges  from  5/.  to  220/. 
annually  in  value,  giving  an  average  of  40/.  per  annum.     But  this  is  not  the  only 
tax  levied  on  the  charitable  feelings  of  medical  men  ; — in  ninety  per  cent,  of  the 
cases   they  had  to  furnish  wine,  food,  &c.  out  of  their    own  substance;    and   in 
thirty- three  of  the  forty  towns  brought  under  review,  no  change  has  been  made  in 
this  system.     Passing  over  the  returns  of  infirmaries  and  dispensaries  supported  by 
voluntary  contributions  as  rather  imperfect,  we  come  to  the  medical  relief  in  the 
rural  districts.     The  number  of  returns  made  amounts  to  325.     Out  of  these,  ninet}*- 
four  have  received  some  remuneration,  but  only  thirty-nine  annually.     Of  these 
thirty-nine,  only  thirteen  have  received  sums  above  51. ;  twenty-six  above  1/.  and  less 
than  5/. ;  and  nine  1/.  or  under.    Ten  are  paid  by  the  bounty  of  private  individuals ; 
and  of  these  one  is  paid  60/.  by  a  nobleman,  and  another  40/.  by  a  landed  proprietor; 
both,  however,  have  the  charge  of  extensive  districts,  and  as  there  is  no  iund  on 
which  they  can  draw  for  drugs  or  necessaries,  there  are  large  drawbacks  to  be  made 
from  the  remuneration.    Twenty-three  have  received  gratuities  for  their  services, 
chiefly  during  the  prevalence  of  epidemics.     In  one  case  this  gratuity  amounted  to 
20/.,  and  in  fourteen  it  was  under  5/. ;  in  two  cases  it  was  only  three  shillings.     In 
one  of  these  cases  this  three  shillings  was  the  only  remuneration  for  twelve  years' 
attendance  on  paupers  averaging  seventy  constant  and  thirteen  occasional  patients :  in 
the  other,  the  three  shillings  was  a  remuneration  for  passing  paupers  of  other  parishes, 
and  nothing  wot  allowed  for  twenty-one  years  of  attendance  on  resident  paupen, 
averaging  forty-four  constant  on  the  district  roll.    211,  or  above  sixty  per  cent, 
have  never  received  any  remuneration  of  any  kind  for  their  professional  attendance 
on  the  parochial  poor,  or  for  the  drugs  which  they  have  deemed  it  necessary  to  supply 
to  tliem ;  and  208  add  that  they  have  had  occasion  to  give  wine,  food,  &c.  from  their 
own  limited  funds,  and  that  they  had  occasion  to  defray  all  travelling  expenses  when 
they  made  distant  visits.     136  have  estimated  the  money  value  of  the  unrequited 
labour  which  they  have  bestowed  on  the  parochial  poor  : — ^it  amounts  to  34,447/. 
annually,  or  an  average  of  253/.  each.     The  complaints  of  inattention  to  sick  paupers 
by  the  parochial  authorities  are  very  general ;  and  when  applications  were  made 
for  the  repayment  of  difierent  outlays,  they  were  almost  invariably  refused.     It  was 
stated  that  since  the  abstract  presented  to  the  British  Association  had  been  compiled, 
several  additional  returns  had  been  obtained ;  but  they  in  no  degree  tend  to  weaken 
the  general  impression  likely  to  be  produced  by  the  preceding  statement,  and  it  was 
therefore  deemed  unnecessary  to  tabulate  them. 


Criminal  and  MiiceUaneous  Statistical  Returns  rf  the  Manchester  Police  for 

^  the  year  lB4f5»    ^yWM.  Neild. 


Oxford  University  Statistics.    By  James  Hetwood,  FM.S. 

A.  remarkable  proof  of  the  interest  felt  by  eminent  statesmen  in  the  ancient  univer- 
sities has  been  recently  aflbrded  in  the  preparation  of  a  memorial  to  the  Vice-Chan- 
cellor  and  heads  of  houses  at  Oxford,  for  university  extension.  The  memorialists 
were  Oxonians,  and  several  of  them  had  previously  obtained  the  highest  academical 
honours  of  a  double  first  class ;  but  thev  had  observed  with  regret  the  continuance  of 
a  system  of  large  expenditure  among  the  junior  members  of  me  university,  and  they 
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were  on  that  account  deBirous  that  the  educational  advantages  of  Oxford  should  he 
rendered  more  accessible  to  the  sons  of  parents  with  limited  incomes.  Their  memo- 
rial in  favour  of  the  extension  of  the  universities  was  signed  by  many  eminent  persons. 

"Our  university,"  observed  these  memorialists,  "take  up  education  where  our 
schools  leave  it,  yet  no  one  can  say  that  they  have  been  strengthened  or  extended 
whether  for  clergy  or  laity,  in  proportion  to  the  growing  population  of  the  country, 
its  increasing  empire,  or  deepening  responsibilities." 

The  author  gave  the  following  table  of  the  Oxford  degree  examination  during  the 
last  six  years,  and  commented  on  the  general  results : — 


Total  number 
of  Candidafces. 

Total  number 
did  not  pass. 

Total  number 
passed. 

Ordinary 
degree*. 

Class  Men. 

1810. 
1841. 
1842. 
1843. 
1844. 
1845. 

Average 
per  annum. 

424 
399 
426 
409 
409 
398 

117 
140 
136 
111 
132 
120 

307 
259 
290 
298 
277 
278 

210 
154 
188 
200 
198 
194 

97 
105 
102 
98 
79 
84 

2465 

756 

1709 

1144 

565 

410 

126 

284 

190 

94 

On  the  Duration  of  Life  in  the  Members  of  the  several  Professions,  founded 
on  the  Omiuary  Lists  of  the  Annual  Reffister,    By  Dr.  Guy. 

The  following  table  exhibits  the  average  of  such  as  had  attained  or  outlived  the 
specified  ages :  — 


Age. 


S6&s|iwirda 
31        — 
41         — 
51        — 


I 


05*27 
67-07 
«8-97 
71*58 


I 


67*03 
,08*40 
70*01 
73*02 


I 


08*81 
09*49 
71*82 
74*04 


i 


00*20 
08*14 
70*20 
72*78 


-a 

»4 


05*30 
67*81 
70*23 
72-95 


07*70 
08*80 
71*24 
73*02 


a 

CI 

u 

la 
t& 

I 


CO 

'■a 


I 


04*42    00*49 


05*90 
08*21 
71*15 


07*55 
09*15 
72*10 


62*78 
00*72 
08*42 
71*44 


1 


0811 
08*74 
71*01 
72*32 


It 

R 

•9 


1^ 


75*04 


I 
a 

I 


74*00 


If 


68*00 
5927 

03*82 
08*21 


If  we  confine  our  attention  to  the  last  line  of  the  table,  we  shall  see  that  the  dura- 
tion of  life  among  the  higher  classes  is  shorter  than  that  of  the  mass  of  the  people  of 
England,  and  of  the  provident  members  of  the  labouring  class.  In  every  age  the 
navy  possesses  a  very  slight  advantage  over  the  army.  The  longevity  of  the  clergy 
is  superior  to  that  of  any  of  the  other  learned  professions.  The  less  favourable  dura- 
tion of  medical  life,  in  the  tables  published  by  Professor  Casper  of  Berlin,  is  to  be 
attributed  to  his  having  included  a  lower  grade  of  the  professions  than  those  whose 
deaths  are  recorded  in  the  Annual  Register,  probably  such  a  class  as  the  general  body 
of  medical  practitioners  in  England.  Both,  nowever,  show  that  medical  men  encoun- 
ter the  most  danger  at  the  early  part  of  their  professional  career,  and  this  is  more  ap- 
parent when  the  column  of  medical  life  is  compared  with  that  of  law  life.    From  hif 
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own  and  other  tables,  Dr.  Guy  constructed  the  following  summary  of  deaths  at  51  and 

upwards:— 

English  males         •..        ••■        •••        •••  75*64 

Clergy  •••        •••        •••        •■•        •••  74*04 

Gentry         ...         ...         ...         ...         ..*  74*00 

Medical  men  72*95 

Lawyers       ...         ...         •■.         ■..         *<•  72*78 

Nai^  ...         •«•         •••         *..         ••*  72*62 

Trade  and  Commerce         »•  72*32 

English  Literature  and  Science     72*10 

Aristocracy ••  71*69 

Army  •••         ...         •••         •*■         •«•  71*58 

Foreign  Literature  and  Science     7 1*44 

Fine  Arts,  &c.         •• 71*15 

Painters       70*96 

Chemists       .».         ...         •••         ...         •••  69*51 

English  Literature  (according  to  Chambers)  69*14 

Members  of  Royal  Houses  (males)  ...  68*54 

Kings  of  England   • 64*12 


On  the  MoffaUty  of  Children.    By  Mr.  Wioglesworth. 

It  appeared  that  returns  had  been  collected  from  1987  families,  in  which  the 
number  of  children  was  10,076,  giving  an  average  of  more  than  five  in  a  family. 
The  number  of  males  was  5091,  and  of  females  4985,  which  gives  a  proportion  of 
51  to  50.  From  these  he  constructed  a  table,  showing  the  number  out  of  which  one 
child  would  die  in  one  year,  according  to  the  experience  of  families. 


Age. 

Mtlca  and  Females. 

Malei. 

Females. 

Age. 

Malea  and  Females. 

Kales.- 

Females. 

1 

9-62 

8-34 

11*40 

12 

196*05 

193*20 

199*70 

2 

16*88 

17*01 

16*75 

13 

279*38 

356*20 

231*37 

3 

32*38 

31*00 

33*63 

14 

195*88 

27M6 

154*82 

4 

4714 

49*32 

65*25 

15 

153*70 

165*33 

144-18 

5 

65*51 

67*21 

3*94 

16 

200*14 

123*63 

480*67 

6 

90*38 

108*85 

77*59 

17 

171-67 

176*57 

167*37 

7 

95*83 

83*21 

112-48 

18 

190*25 

158*43 

24200 

8 

14314 

12052 

174*80 

19 

162*15 

166-67 

158*28 

9 

137*80 

124*53 

153*56 

20 

158*00 

101*67 

32700 

10 

281*63 

369*67 

228*80 

21 

121*43 

138*67 

108-50 

11 

155*93 

16016 

15200 

Taking  the  case  of  males  and  females  conjointly,  it  will  be  seen  that  there  is  a  gradual 
decrease  from  the  1  st  to  the  8th  year,  and  that  there  is  an  increase  over  the  previous 
year  in  the  9th,  11th,  14th,  15th,  17th,  I9tb,  20th,  and  21st  vears.  In  males  these 
fluctuations  take  place  in  the  7th,  11th.  14th,  I5th,  17th,  19th,  and  21st  yean.  In 
females  there  is  a  general  decrease  to  toe  8th  vear,  and  an  increase  in  the  9th,  11th, 
14tb,  15th,  17th,  and  2 1st  years.*-^A  table  of  diseates  was  then  exhibited,  from  which 
tt  appeared  that  more  males  than  females  died  of  nervous  diseases  and  (i-om  external 
causes ;  but  that  more  females  than  males  die  of  epidemic  disease,  and  diseases  of 
the  respiratory  organs.  These  tables,  fVom  family  returns,  were  then  compared  with 
similar  tables  constructed  fVom  the  statistics  of  the  Foundling  Hospital,  and  were 
found  to  agree  very  closely  in  their  results. 

A  Review  of  tim  Mines  and  Mining  Industry  rfBrigiunu 

By  R.  Valpy. 

It  was  stated  that,  as  a  coal-producitig  country,  Belgium  ranked  the  second  in  Eu- 
rope.  The  ratio  of  the  coal  district  to  the  total  area  is 

Acres.  Tons  annual^. 

Great  Britain  ...  |^,  or  2,930,000  producing...  34,000,000 

Belgium  ^,  or      335,000  „  4,500,000 

France ^f^  or      630,000  „  3,783,000 

Oennanic  Unio>-  .,.«,  3,000,000 
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In  1838  the  total  number  of  eoal-minet  m  Belgium  was  307|  with  470  pits  in  work 
and  172  in  process  of  construction,  employing  37,171  persons ;  being  an  increase  of 
8454,  or  twenty-eight  per  cent,  on  the  number  employed  in  1829.  The  increase  of 
the  quantity  of  coal  raised  was  not  accurately  ascertained,  but  it  appeared  to  be  about 
thirty-seven  per  cent.  The  average  cost  of  production  is  lOi.  8a.  per  ton,  and  the 
average  price  23«.  1<^.  for  first  quality,  and  16i.  6^<;.  for  the  second  quality  of  coal ; 
the  average  rate  of  wages  is  U,  6-^^.  per  day.  The  establishments  for  preparing 
other  mineral  productions  for  market  in  1838  were— for  iron,  221 ;  copper,  eight; 
zinc,  seven;  lead,  two;  the  total  number  of  ftirnaces  was  139,  of  which  forty-seven 
used  coke  and  ninety-two  charcoal.  The  total  number  of  accidents  from  1821  to 
1840  was  1352,  which  occasioned  severe  hurts  to  882,  and  deaths  to  1710,  making 
a  total  of  2592  sufferers.  «^__ 

On  Piaie  Glass-making  in  England  in  1846,  contrasted  with  what  it  was  in 

1827.    By  H.  Howard. 

The  writer  furnished  carefully  aU  the  materials  for  establishing  this  comparison. 
Amongst  other  results  he  stated,  that  in  1827  plate  glass  was  sold  for  about  1 2«. 
average  per  foot,  to  the  extent  of  about  5000  feet  per  week ;  in  1835,  for  from  Ss, 
to  9s,  per  foot,  to  the  extent  of  about  7000  feet ;  in  1844,  for  from  6s.  to  7s,  per  foot, 
reaching  about  23,000  feet;  and  in  1846,  for  from  5s.  to  6i.,— about  40,000  feet  per 
week.  The  sale  is  now  about  45,000  feet  weekly.  He  mentioned  that,  in  1829,  a 
plate  glass  manufactoir  ceased  operations  because  of  the  small  profit  realized  when 
selling  at  12«. ;  while,  m  1846,  a  company,  with  a  paid-up  capital  of  130,000/.,  realized 
a  net  profit  of  30,000/.,  selling  at  from  5s,  to  6t.  Looking  at  this  extraordinary  in- 
crease, in  spite  of  the  severity  of  excise  restrictions,  the  author  asks,  what  would  be 
the  probable  demand  if  the  price  were  reduced  to  4«.  or  3i.  6d,  per  foot,  which, 
free  as  the  trade  now  is  from  excise  interference,  would  yield  an  ample  profit? 


On  the  Statistics  of  Education  in  Glasgow  in  1846.    By  A.  Lipdbll. 

This  enumeration  was  collected  by  the  Statistical  Committee  of  the  Sunday  School 
Union  of  Glasgow.  The  returns  show  great  disparity  in  the  amount  of  instruction 
in  the  different  districts  into  which  the  city  has  been  divided.  In  Glasgow,  instrmt- 
tion  in  the  common  branches  of  education  may  be  had  at  the  lowest  rates ;  and  when 
parents  are  so  poor  as  to  be  unable  to  pay,  it  may  be  had  gratis.  The  great  amount 
of  ignorance  that  prevails  arises  therefore  from  the  apathy  of  parents ;  and  in  many 
cases,  from  their  cupidity  in  sending  their  children  to  work  at  very  tender  years  for 
the  produce  of  their  labour.  To  counteract  this  evil,  various  acts  of  parliament  have 
been  passed  for  the  purpose  of  regulating  the  labour  of  children.  The  Factories  Re* 
gulation  Bill  (Lord  Ashley's)  restricts  the  labour  of  youths  in  the  factories  named  to 
about  seven  hours  per  day,  thereby  giving  leisure  for  education  and  recreation ;  but 
it  has  been  found  that  unless  the  service  of  youths  can  be  got  for  as  many  working 
hours  as  that  of  an  adult  they  cannot  be  profitably  employed  in  these  factories.  No 
record  exists  by  which  we  can  learn  the  exact  number  of  children  employed  in  Glaa* 
gow  prior  to  the  passing  of  this  Act,  but  there  must  have  been  several  thousands ; 
whereas,  in  March  last,  only  53  were  so  employed ;  and  in  Aberdeen,  where  for- 
merly there  were  about  1000,  there  were  at  the  same  date  only  45.  The  Act  6  and 
9  Vict.  c.  29,  which  came  into  operation  in  the  beginning  of  this  year,  seems  to  be 
working  more  efficiently  in  promoting  the  education  of  tlie  youths  in  the  calico  print 
works,  to  which  class  of  factories  this  Act  is  restricted.  It  provides  that  the  children 
shall  have  150  hours'  instruction  every  six  months,  between  the  hours  of  8  in  the 
morning  and  6  in  the  evening.  It  is  found  that  this  enactment  does  not  materially 
interfere  with  the  oeconomical  working  of  this  class  of  factories  c  consequently  tha 
children  are  still  continued  in  employment ;  and,  as  far  as  can  be  ascertained  from 
the  few  months'  operation  of  the  Act,  they  are  making  much  more  rapid  progresa 
than  when  receiving  the  same  amount  of  instruction  after  work  hours,  which,  being 
optional,  was  in  nmny  cases  neglected  altogether.  In  Glasgow*,  lack  of  education  is 
much  greater  amons  the  lower  orders  than  in  the  country  districts  of  Scotland ;  thir 
in  part  arises  from  tne  wretchedly  low  pittance  hitherto  allowed  to  paupers;  whic 
eompela  niAoy  of  them  to  resort  to  manufacturing  towns  for  the  purpotM  of  obtainir 
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employment  for  their  children.  It  has  been  ascertained,  from  the  Statistics  of  the 
Night  Asylum  for  the  houseless  and  the  police  offices,  that  46  per  cent,  of  the  paupers 
are  not  natives  of  Glasgow.  An  amendment  of  the  Poor  Law  of  Scotland  passed  the 
legislature  last  year,  which,  it  is  hoped,  may  in  some  respects  remedy  this  evil. 
Under  the  authority  of  this  Act,  the  parochial  boards  in  the  cities  of  Glasgow  and 
Edinburgh  have  resolved  on  having  industrial  schools  for  the  purpose  of  supporting 
and  educating  poor  children.  These  schools  have  been  for  some  time  in  operation  in 
Aberdeen  and  Perth ;  and  if  generally  adopted,  may  be  expected  to  remedy  the  evil 
complained  of  in  some  degree.  __— _ 

Statistics  of  Crime  in  England  and  WaleSf  for  the  years  1842>  18439  and 

1 844.    By  F.  G.  P.  Neison,  F.L.S. 

The  iirst  point  to  which  attention  was  directed,  was  the  necessity  of  viewing  age  as 
an  element  in  every  investigation  into  the  amount  and  progress  of  crime.  From  an 
arrangement  of  the  criminal  returns  for  the  above  three  years,  in  relation  to  popula- 
tion, It  appeared  that  the  tendency  to  crime  among  the  male  population,  at  dlfierent 
terms  of  life,  will  be  found  to  vary  from  '7702  per  cent,  to  '1694  per  cent.,  or,  in 
other  words,  the  tendency  to  crime  at  one  period  of  life  is  more  than  quadruple  that 
at  another.  Similar  results  will  be  found  for  the  female  population,  but  with  a  lower 
specific  intensity  to  crime.  It  was  further  shown,  that  in  the  counties  and  districts 
of  England  and  Wales  a  different  distribution  of  the  population  is  found  over  the  va- 
rious terms  of  life.  In  Anglesea,  Caermarthen,  and  Dorset,  the  proportion  of  the  po- 
pulation alive  in  the  quinquennial  term  of  life,  20-25,  is  under  8  per  cent,  of  the 
whole;  while  in  Lancaster,  Middlesex,  and  Monmouth,  the  proportion  varies  from  10 
to  upwards  of  1 1  per  cent. ;  and,  since  the  tendency  to  crime  at  the  same  periods  of 
life  IS  more  than  quadruple  that  at  other  periods,  it  follows  that,  although  the  tendency 
to  crime  in  those  two  groups  were  precisely  the  same  at  the  respective  terms  of  life, 
there  would  still,  in  reference  to  the  whole  population,  appear  to  be  an  excess  of  crime 
in  the  three  latter  counties ;  therefore  any  method  of  investigation  in  which  the  ele- 
ment of  age  is  omitted  can  never  show  the  relative  amount  of  crime.  In  illustration 
of  this  principle,  it  was  shown  that  during  the  years  1842,  1843  and  1844,  the  pro-* 
portion  of  criminals  in  England  was  1  in  every  336  of  the  male  population ;  but  if  the 
population  during  those  years  had  been  under  the  same  distribution  in  regard  to  age 
as  in  the  year  1821,  the  proportion  of  criminals  would  have  been  only  I  in  every 
365  of  the  male  population.  Again,  assuming  the  same  tendency  to  crime  at  the 
respective  terms  of  life  to  prevail,  the  differences  in  the  distribution  of  the  popu- 
lation would,  for  Glasgow,  produce  1  criminal  in  every  304  of  the  male  population ; 
and  in  two  districts  of  the  metropolis  the  difference  is  so  much  as  to  give  1  in  eyery  338 
for  Bethnal  Green ;  while  in  St.  George's,  Hanover^Square,  the  ratio  would  be  as  high 
as  1  in  280 : — showing  a  difference,  or  rather  an  error,  in  any  such  method  of  inves- 
tigation of  21  per  cent.  The  results  for  England  and  Wales  establish  the  same  truth. 
In  Dorset,  Anglesea,  Cardigan,  Caermarthen,  Montgomery,  Merioneth,  and  Pembroke, 
the  ratio  of  crime  would  be  one  in  every  360;  but  in  Lancaster,  Middlesex,  Mon- 
mouth, and  Glamorgan,  the  average  would  vary  from  1  in  325  to  1  in  313  of  the  male 
population.  It  was  thus  made  evident,  that  calculations  on  the  progress  and  amount 
of  crime  in  which  the  element  of  age  is  neglected  cannot  he  relied  on,  as  they  would 
lead  to  the  fallacious  conclusion^  that  districts  in  which  the  same  ratio  of  crime  pre- 
vailed were  at  least  20  per  cent  in  excess  of  the  average  of  the  whole  kingdom.  A 
series  of  tables  were  brought  forward,  pointing  to  the  existence  of  an  interesting  law 
in  the  development  of  crime.  It  w^as  found  that,  in  the  male  sex,  from  age  20,  crime 
in  each  successive  term  of  life  decreases  at  the  rate  of  33|^  per  cent.,  and  in  the  fe- 
male sex  at  tlie  rate  of  25  per  cent. ;  so  that  if  two  tables  were  formed, — one  in 
which  the  numbers  resulting  from  such  a  law  were  given,  and  the  other  showing  the 
actual  number  of  criminals, — the  one  table,  particularly  in  reference  to  the  female  sex, 
would  be  almost  identical  with  the  other.  The  paper  went  into  an  analysis  of 
the  various  causes  generally  believed  to  increase  or  lessen  the  amount  of  crime  in  va- 
rious districts ;  such  as  the  prevalence  of  manufacturing,  mining,  and  agricultural  in- 
terests, the  greater  or  less  amount  of  wealth,  and  the  degree  of  education.  In  the 
group  ''picturing  and  mining  districts,  it  was  found  that  the  actual 

crir  >e  average  of  England  and  Wales  by  2*3  per  cent ;  bat  in 
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the  agricultural  group  of  counties  there  ii  an  excess  of  5*9  per  cent,  of  crime.    Again, 
if  the  whole  group  of  the  manufacturing  and  mining  counties  be  subdivided,  it  will 
be  seen  that  in  the  northern  mining  districts  crime  is  52*1  per  cent,  below  the  ave- 
rage for  the  whole  counti^ ;  and  in  the  cotton  and  woollen  manufacturing  districts 
crime  is  7*0  per  cent  under  the  average ;  but,  on  the  other  hand,  in  the  districts 
where  the  silk  and  linen  fabrics  are  manufactured  there  is  an  excess  of  8*5  per 
cent,  of  crime,  and  in  the  hardware,  pottery,  and  glass  manufacturing  districts  the 
excess  of  crime  is  33*5  per  cent,  above  the  average  of  England  and  Wales.     It,  how- 
ever, appeared  evident  that  there  is  something  in  the  condition  of  the  mining  and 
manufacturing  population  having  an  influence  in  regulating  the  amount  of  crime,— 
one  district  showing  an  excess  of  33*5  per  cent,  and  another  being  under  the  ave- 
rage by,  at  least,  52  per  cent.     This  led  to  an  inquiry  into  the  supposed  increase  of 
juvenile  crime;  and  a  series  of  tables  were  presented  showing  the  relative  amount  of 
crime  at  the  younger  and  at  the  more  matured  periods  of  life,  by  which  it  appeared 
that  if  the  general  result  for  any  or  all  of  the  groups  or  districts,  whether  in  con- 
nexion with  an  increase  or  decrease  of  crime,  be  compared  with  the  corresponding 
feature  at  the  juvenile  ages,  there  will  not  be  found  a  single  instance  in  wnich  the 
character  of  that  result  is  so  strongly  confirmed  by  the  facts  for  the  vounger  ages  as 
by  those  at  the  more  advanced  period.    It  follows  that  if  any  change  be  found  to  take 
place  in  the  criminal  calendar  of  a  given  district,  such  fluctuation  will  be  promoted, 
not  so  much  by  juvenile  crime,  as  by  an  increase  or  decrease  among  persons  in  mature 
life,  when  the  conduct  and  dispositions  of  individuals  come  more  under  the  influence 
of  external  circumstances.     In  order  to  obtain,  as  far  as  possible,  districts  in  which 
the  manufacturing  or  agricultural  feature  decidedly  prevaUed,  a  variety  of  combina- 
tions were  made,  in  order  to  exclude  foreign  and  disturbing  elements.    This  was 
done  to  determine  the  legitimate  influence  of  each  particularxondition  of  the  people 
when  unassociated,  as  far  as  may  be,  with  other  and  diflerent  conditions ;  and  the 
following  is  an  abstract  of  the  results  obtained : —   ' 


District. 


Greatest  manufacturing 

Greatest  agricultural  

Manufacturing  interest  33^  per  cent,  above  the  average... 

Agricultural  interest,  50  per  cent,  above  the  average 

Manufacturing  and  agricultural  interests  nearly  equal    ... 

Greatest  wealth  

Least  wealth 


Difference  per  cent 


Increase. 


18  2 
6*0 

10-8 
4*2 
4*5 


Decrease. 


8*8 
1*1 


It  is  thus  evident  that  so  far  no  very  marked  feature  has  appeared  to  connect  itself 
peculiarly  with  any  individual  group;  and  that  therefore  some  further  analysis  is 
required  in  order  to  discover  that  element  which  is  so  powerfully  concerned  in  pro- 
ducing the  differences  shown  in  some  of  the  earlier  combinations  to  which  allusion 
has  been  made.  In  England  and  Wales,  33  per  cent  of  the  males  married  under 
the  Registration  Act,  signed  their  marriage  registers  by  their  marks,  and  taking  this 
as  an  index  to  the  state  of  education,  a  series  of  results  is  obtained.  Taking  the 
counties  in  which  the  proportion  signing  the  marriage  register  with  their  marks  ex- 
ceeded the  general  average  by  at  least  33^  per  cent.,  and  taking  also  the  counties  in 
which  the  ratio  so  signing  their  names  is  at  least  25  per  cent,  under  the  general 
average,  it  is  found  that  in  the  former,  the  amount  of  crime  exceeds  the  proportion 
for  the  whole  kingdom  by  13*2  per  cent.,  while  in  the  latter  group  crime  is  at  least 
30*7  per  cent  below  the  average  for  England  and  Wales.  By  some  it  may  be  held, 
that  in  the  two  groups  now  referred  to,  the  difference  may  be  owing  to  some  other 
element  than  simply  education.  It  may  be  said,  however,  that  the  difference  may 
arise  from  the  influence  of  some  other  element  than  education — such  as  the  prevalence 
of  peculiar  manufactures  subject  to  fluctuations  in  prosperity,  to  increased  wealth,  to 
difference  of  positions  in  society,  and,  in  fact,  to  a  variety  of  other  causes  not  pl--*'- 
nated.  To  meet  the  force  of  this  objection,  each  of  the  preceding  districts  or 
was  divided  into  two  sections,  so  that  one  section  differed  from  the  other  in  t> 
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of  education  only  which  prevailed ;  a  means  being  thus  afforded  of  comparing  two 
sections  of  a  community  similarly  circumstanced  in  regard  to  manufactures,  in  regard 
to  agriculture,  or  in  regard  to  wealth  as  the  case  might  be,  in  fact,  differing  only  in 
regard  to  one  important  element  of  the  inquiry,  namely  education ;  and  hence  the 
force  of  that  element,  if  any,  should  appear.  The  following  is  a  brief  abstract  of  the 
results  arrived  at  in  this  manner : — 


Group. 


Greatest  manufificturing 

Greatest  agricultural 

Manufacturing  interest  33^  per  cent,  above  the  average 
Agricultural  interest  50  per  cent,  above  the  average  .. 

Manufacturing  and  agricultural  interests  equal   

Greatest  wealth  

Least  wealth    , 


Difference  per  cent, 
in  crime. 


Least 
Education. 


+48-4 
+  8-4 
+23-2 
-I-10-4 
+15-8 
+  9-2 
+11-3 


Most 
Education. 


+16-2 

+    -9 

-  7-2 

-  2-6 

-  9-3 
-29-4 
-13-5 


8-825 


32-0 
7-5 
30*4 
130 
25-1 
38-6 
24-8 


In  the  above,  the  sign  +  signifies  that  the  ratio  of  crime  in  that  particular  section 
is  above  the  average  for  England  and  Wales ;  and  the  figures  themselves  point  out 
the  ratio  per  cent.  The  sign  —  is  intended  to  indicate  that  the  amount  of  crime  is 
below  the  average.  The  last  column  gives  the  difference  per  cent,  in  the  same  di- 
strict, which  appears  from  dividing  it  into  two  sections,  in  the  one  of  which  there  is 
the  least  degree  of  education,  and  in  the  other  the  highest.  To  the  friends  of  edu- 
cation, the  above  results  must  be  gratifying ;  showing,  as  they  do,  the  immense  ad- 
vantages resulting  from  even  the  most  elementary  and  mechanical  acquirements  to- 
wards education.  There  does  not  appear  a  single  group  in  which  there  is  not  a 
striking  difference  in  favour  of  education.  In  fact,  a  proper  analysis  of  all  the  com- 
bined facts  show,  that  following  up  the  simple  test  here  adopted,  namely,  the  quali- 
fication of  individuals  writing  their  own  names,  the  mere  inability  to  do  that  much, 
is  sufficient  to  account  for,  at  least,  one-third  of  the  whole  amount  of  crime  in  England 
and  Wales, 

On  the  Statistics  of  Sickness  and  Mortality  in  the  City  of  York* 

By  T.  Laycock,  MJ), 


A  Chart  of  the  Railway  lines  of  England,  compared  with  a  Diagram  illustrating 
the  principle  of  least  mileage,  was  presented  by  Mr.  Beaumont. 


On  the  Annual  Consumption  of  Coal  and  the  probable  duration  of  the  CoaU 

Fields.    By  E.  R.  J.  Knowles, 

The  author  computed  the  annual  consumption  of  coal  at  38,000«000  tons  as  an 
average  increasing  with  the  population,  and  classified  it  under  the  following  heads : — 

Coal  for  household  uses  averaging  I'l  ton  each  person 22,000,000  tons. 

Coal  for  manufacturing  operations • 12,600,000    •.. 

Coal  for  foreign  exports 2,500,000    ... 

Total...  37,000.000  tons. 
Allowing  for  errors  two  and  a  half  per  cent,  on  above 925,000    ... 

Thus  making  the  total  amount  annually  consumed 37,925,000  tooa, 

or  nearly  38,000,000  tons  for  the  present  population,  about  20,000,000.  The  extent 
of  the  coal-fields  of  England  were  taken  at  5200  square  miles  (including  the  coal 
under  the  crop  of  the  magnesian  limestone,  but  not  that  under  the  new  red  aand- 
8tone)>  allowing  an  averaee  of  20,000,000  tons  to  the  square  mile ;  and  thence,  after 


TBANBA0TI0N8  OF  THB  iEOTIONS.  105 

making  allowance  for  the  coal  worked  out,  and  for  the  population  being  eventually 
doubled,  it  was  deduced  that  the  coaU  fields  of  England  contain  an  ample  supply  for 
at  least  1500  years.  Of  the  annual  amount  consumed  for  manufacturing  operations, 
it  was  stated  that  the  proportion  of  coal  consumed  for  the  purposes  of  steam-navi- 
gation (including  the  Royal  Navy)  most  probably  amounts  to  1,075,000  tons,  and 
for  railway  locomotion  on  3000  miles  of  railway,  to  about  300,000  tons.  It  was 
remarked  that  2840  miles  in  progress  will  probably  consume  about  275,000  tons  of 
coal  in  addition  to  the  above ;  to  which  a  proper  allowance  for  the  lines,  for  which 
acts  of  parliament  have  recently  been  obtained,  is  to  be  added. 

The  above  computations  were  offered  only  as  an  approximate  calculation  of  an 
annual  average  with  the  present  amount  of  population,  many  of  the  items  being 
liable  to  great  fluctuation,  as  in  the  case  of  coal  consumed  for  the  manufacture  of 
iron :  but  it  is  only  from  an  average  that  the  probable  duration  of  the  coal-fields  can 
be  computed  even  approximately. 


MECHANICAL  SCIENCE. 


On  a  new  Method  of  Boring  far  Artesian  Springs. 
By  M.  Fauvbllb  ofPerpignan^  in  France, 

(A  FAFEB  furnished  by  M.  Arago  to  Mr.  Vignolles,  for  the  purpose  of  being  com- 
municated to  the  Association,  M.  Arago  himself  being  prevented  by  illness  from 
attending.) 

The.  paper  was  an  abridged  translation  of  lll^  Fauvelle's  own  account,  in  which  he 
says, — "In  1833, 1  was  present  at  the  boring  of  an  artesian  well  at  Rivesaltes;  the 
water  was  found,  and  spouted  up  abundantly.  They  proceeded  to  the  tubing,  and 
for  that  purpose  enlarged  the  bore-hole  from  the  top  downwards.  1  was  struck  by 
observing  that  it  was  no  longer  necessary  to  draw  the  boring  tools  to  get  rid  of  the 
material,  and  that  the  water,  rising  from  the  bottom,  brought  up  with  It,  in  a  state 
of  solution,  all  the  soil  which  the  enlarging  tools  detached  from  the  sides.  I  imme- 
diately observed  to  my  friend,  M.  Bassal,  who  was  with  me,  '  Thts  is  a  remarkable 
fact,  and  one  very  easy  to  imitate ;  if,  through  a  hollow  boring  rod,  water  be  sent 
down  into  the  bore-hole  as  it  is  sunk,  the  water,  in  coming  up  again,  must  bring 
with  it  all  the  drilled  particles.'  On  this  principle  I  started  to  establish  a  new  me- 
thod of  boring.  The  apparatus  is  composed  of  a  hollow  boring  rod,  formed  of  wrought 
iron  tubes  screwed  end  to  end  :  the  lower  end  of  the  hollow  rod  is  armed  with  a  per- 
forating tool,  suited  to  the  character  of  the  strata  which  have  to  be  encountered. 
The  diameter  of  the  tool  is  larger  than  the  diameter  of  the  tubular  rod,  in  order  to 
form  around  it  an  annular  space  through  which  the  water  and  the  excavated  material 
may  rise  up.  The  upper  end  of  the  hollow  rod  is  connected  with  a  force-pump  by 
jointed  or  flexible  tubes,  which  will  follow  the  descending  movement  of  the  boring 
tube  for  an  extent  of  some  yards.  This  boring  tube  may  be  either  worked  by  a  ro- 
tatory movement  with  a  turning  handle,  or  by  percussion  with  a  jumper.  The 
frame  and  tackle  for  lifting,  lowering,  and  sustaining  the  boring  tube,  offer  nothing 
particular.  When  the  boring  tube  is  to  be  worked  the  pump  must  be  first  put  in 
motion.  Through  the  interiorof  the  tube  a  column  of  water  is  sent  down  to  the  bottom  of 
the  bore-holes,  which  water,  rising  in  the  annular  space  between  the  exterior  of  the 
hollow  boring  rod  and  the  sides  of  the  bore-hole,  creates  an  ascending  current  which 
carries  up  the  triturated  soil :  the  boring  tube  is  then  worked  like  an  ordinary  boring 
rod ;  and  as  the  material  is  acted  upon  by  the  tool  at  the  lower  end,  it  is  immediately 
carried  up  to  the  top  of  the  bore-hole  by  the  ascending  current  of  water.  It  is  a 
consequence  of  this  operation  that  the  cuttings  being  constantly  carried  up  by  the 
water,  there  is  no  longer  any  occasion  to  draw  up  the  boring  tube  to  clear  them 
away,  making  a  very  great  saving  of  time.  Another  important  and  certainly  no  less 
advantage,  is,  that  the  boring  tools  never  get  clogged  by  the  soil ;  they  work  <~ 
stantly  (without  meeting  obstructions)  throueh  the  strata  to  be  penetrated 
getting  rid  at  once  of  nine-tenths  of  the  diflicuTties  of  boring.  It  addition,  it 
be  mentioned,  that  experience  has  showo  there  are  no  slips  in  any  ground  w 
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dinary  borioff-rods  can  penetrate ;  that  the  boring  tube  works  at  100  yards  in  depth 
with  as  much  facility  as  when  only  10  yards  down,  and  that  from  the  very  drcum- 
stance  of  its  being  a  hollow  rod,  it  presents  more  resistance  to  torsion  than  a  solid 
rod  of  equal  thickness  and  quite  as  much  resistance  to  traction:  these  are  the  prin- 
cipal advantages  of  the  new  83rstem  of  boring.    Indeed  these  advantages  have  been 
fully  confirmed  by  the  borings  which  I  have  just  completed  at  Perpignan.    This 
boring  was  commenced  on  the  1st  of  July  and  was  completed  on  the  23rd,  by  finding 
the  artesian  water  at  a  depth  of  170  metres  (560  English  feet).    If  from  these  twenty- 
three  days,  each  of  ten  hours'  work,  are  deducted  three  Sundays  and  six  lost  days, 
there  remain  fourteen  days  or  140  hours  of  actual  work ;  which  is  upwards  of  1 
m^tre  per  hour,  that  is,  ten  times  the  work  of  an  ordinary  boring  rod.    In  the 
method  I  have  described,  it  will  be  perceived  that  the  water  is  injected  through 
the  interior  of  the  boring  rod.    Experience  has  taught  me  that  when  gravel,  or 
stones  of  some  size  are  likely  to  be  met  with,  it  is  better  to  inject  the  water  by  the 
bore-hole,  and  let  it  rise  through  the  boring  tube.    The  additional  velocity  which 
may  be  thereby  given  to  the  water,  and  the  greater  accuracy  of  calibre  of  the  tube, 
allow  the  free  ascent  of  all  substances  which  may  be  found  at  the  bottom  of  the  bore- 
hole, and  which  the  former  mode  of  working  may  not  so  readily  accomplish.     I  have 
brought  up  by  this  latter  way  stones  of  6  centimetres  long  and  3  thick  (2^  by  1^ 
English  inches).    The  idea  of  making  the  water  remount  through  the  interior  of  the 
boring  tube  suggests  an  easy  mode  of  boring  below  a  film  (sheet)  of  flowing  water : 
it  would  be  sufficient  to  close  the  orifice  of  the  bore-hole  hermetically,  still,  however, 
so  as  to  allow  the  boring  tube  to  work,  but  yet  so  that  the  flowing  water  should  be 
always  forced  down  to  the  bottom  of  the  bore-hole  to  find  its  way  to  a  vent :  it  would 
thug  draw  up  and  carry  away  all  the  detritus.     If,  in  addition  to  the  above,  we  con- 
sider the  possibility  of  making  the  hollow  stem  of  the  boring  rod  of  wood,  and  of  ba- 
lancing it  so  that  it  would  weigh  no  more  than  the  water  in  which  it  has  to  move,  the 
problem  of  boring  to  depths  of  ICKX)  metres  (1 100  yards)  and  upwards  would  appear 
to  be  solved.    In  the  square  of  St.  Dominique,  at  Perpignan,  a  boring  had  been  car- 
ried on  upon  the  old  method  for  upwards  of  eleven  months  for  the  purpose  of  form- 
ing an  artesian  well,  and  the  water  had  not  been  found."    Fauvelle  placed  his  new 
tube  alongside  the  old  boring  tackle,  and  soon  got  down  to  a  depth  of  nearly  1(X) 
yards,  when  an  accident  occurred  which  would  have  required  some  days  to  remedy. 
Fauvelle  decided  upon  abandoning  the  bore-hole  already  sunk  so  deep,  and  com- 
mencing a  new  one,  satisfied  that  there  would  thereby  be  a  saving  in  time.    The  rate 
of  sinking  was  equal  to  four  English  feet  per  hour  of  the  time  the  hollow  boring  rod 
was  actually  at  work,  the  depth  of  560  English  feet  having  been  obtiuned  in  140 
working  hours,  for  a  bore-hole  of  about  six  English  inches  in  diameter.    M.  Arago, 
who  had  seen  the  rods  of  Fauvelle  at  work,  mentions  how  fully  they  answered,  and 
that  the  large  powerful  tools  at  the  bottom  of  the  hollow  boring  rod  cut  easily  through 
the  hardest  strata ;  he  confirmed  the  fact  of  the  large-sized  stones  and  gravel  coming 
up  with  the  ascending  current,  having  himself  watched  them.     He  also  mentioned 
that  such  was  the  opinion  of  the  people  in  the  vicinity  of  Perpignan,  and  so  much  was 
water  wanted  that  orders  for  the  sinking  upwards  of  200  artesian  wells  had  been 
given  to  Fauvelle.    The  introduction  of  this  system  into  this  country,  especially  if 
combined  with  the  Chinese  or  percussive  system  of  boring  as  practised  with  bore- 
holes of  very  large  diameter  at  the  Saarbruck  mines,  and  at  many  other  places  on 
the  Continent,  must  be  productive  of  great  benefit,  and  would  not  merely  effect  a 
saving  of  money  and  labour,  but  the  paramount  advantage  of  immediately  solving 
the  question  of  the  existence  of  coal,  minerals,  water,  &c. 


On  Mechanical  Apparatus  employed  for  the  purpose  of  preventing  Incrusta" 

tion  of  Steam  Boilers,    By  Mr.  Lamb. 

It  may  be  defined  as  a  self-acting  blow-off  apparatus.  Mr.  Lamb  has  a  theory  that 
''  blowing-off  **  should  take  place  near  the  top  of  a  boiler  rather  than  from  tJie  bottom. 
He  concdves  that  the  carbonate  of  lime  floats  by  means  of  small  bubbles  of  steam 
adhering  to  each  particle  of  lime.  His  contrivance  consists  of  a  large  copper  float 
closing  the  orifice  of  a  blow-off  pipe  in  the  boiler.  When  the  water,  has  risen  above 
a  certain  height,  the  blow-off  vaW-  '•  **•*— »-H  by  the  float,  and  so  delivers  the  boiler 
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of  if  nccM  of  water.  TKa  hot  water  ptite*  thioagh  k  cjpliodriMl  clwinber  nraod 
the  feed-water,  lo  ai  to  beat  it  on  entering.  The  apparatui  i*  ninple,  and  ii  rtated 
to  hare  worthed  pafwtlj  well.  

Ei^mimentt  <m  the  Tubular  Bridge  proposed  iv  Mr.  Stepbeiuoa  for  crou- 
ing  the  Menai  Slraitt.     By  W.  Taihbaihn. 

The  eiperimenti  nDdertakeii  to  Bicritaia  the  belt  form  of 
bridfce  for  cArryiiiK  the  Cheater  and  Holyhead  Railwajr  tcro** 
the  Meuu  Strwti  nave  led  to  valaable  and  important  rMulti. 
They  have  put  us  in  poMeasion  of  fiu:ts  which  will  gieatly  in- 
crease our  knowledge  of  the  propertie*  of  a  niateiial  wbo*e 
powen  of  coabination  were  but  imperfectly  undentood ;  for, 
exdtuive  of  the  rapidly  increasing  use  of  wrought  iion  in  the 
construction  of  ship),  boiler*  and  other  vetaels,  il>  npplicatioD 
to  bridges  of  the  tubular  form  is  perfectly  novel,  and  originated 
with  Mr.  Robert  Stephenson.  Experiments  of  the  most  con- 
clusive character  were  those  made  upon  i  model  tube  of  a  largo 
scale.containing  nearly  all  the  element*  of  the  propoeed  bridge, 
and  the  various  conditions  with  regard  to  form  and  construction 
which  had  been  developed  by  the  prerioui  inquiries.  At  first 
it  occurred  to  Mr.  Fairbairn  that  the  strongest  form  would  be 
that  wherein  the  top  and  bottom  consisted  of  a  series  of  mpei, 
with  riveted  plates  on  their  upper  and  lower  sides.  This  ftirm 
of  top  would  possess  great  rigidity,  uid  is  well-adapted  to  re- 
sist the  crushing  forces  to  which  it  is  subjected  ;  and  the  bot- 
tom section  appeared  equally  powerful  to  resist  tension.  Mr. 
Fairbairn  is  inclined  to  think  that  this  it  the  strongest  (brm 
that  can  be  devised  ;  but  practical  difficulties  present  them- 
selves in  its  construction,  as  an  easy  access  lo  the  different 
parti  for  the  purposes  of  painting,  repairs,  &c.  is  absolutely 
•  necessary.  The  scale  ofthe  model  tube  is  exactly  one-sixth  of 
ri  ,^  the  bridge  across  one  of  the  spans  of  ibe  Straits,  460  feet* ; 
' '  it  ii  also  one-sixth  of  the  depth,  one-sixth  the  width,  and,  as 
□ear  as  possible,  one-sixth  the  thickness  of  the  plates.  With 
these  proportions  and  form,  the  experiments  proceeded  as  fol- 
lows :— In  each  of  the  experiments  the  weights  were  laid  on 
about  a  ton  at  a  time  ;  and  the  deflection  was  carefully  taken, 
as  well  as  the  defects  of  elasticity  :>fter  the  load  was  removed. 
Rectangular  model  tube,  Hp  ft.  long,  4  ft.  6  in.  deep,  2  ft. 
Sin,  wide,  and  7^  f^-  between  the  supports.— Thickness  of  the 
plates;  bottom, ■I56in.;>ides,'099 in.;  p. ,.,.a>nn,iT ■»■.»<■ 
top,  -147.— Sectional  area  of  the  bot- 
tom, 8'8  in.,  and  the  weight  of  the  tube  ' 
10,338-9  lbs.E4-a6  tons. 

First  experiment.  Breaking  weight, 
79,57B  lbs,  =  3£)^  tons.— Ultimate  de- 
flection,4 -375incbes  .—Perms  n  ent  set, 
ordefectsDfeUsticity,with  a  weight  of 
G7,8421bs.,-792inch.— With  the  sbove 
weight,  3!j\  tons,  the  bottom  was  torn 
asnnder  direct  across  the  solid  plates 
a  distance  of  2  feet  from  the  centre 
the  shackle  from  which  the  load  wa* 
suspended.  Ooe  of  the  principal  ob- 
jects of  this  inquiry  was  to  determine 
the  ratio  or  proportion  between  the  top  -j  ^ 

and  bottom  sides  of  the  tube.    Taking    •■ '■' 

the  experiment  iiDmediately  preceding,  it  was  found  that  the  area  of  the  tof 

•  The  span  has  since  been  increased  to  4<3  ferr. 
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the  bottom*  in  a  rectangular  tube,  should  be  as  6  to  3.  These  proportionf  were  da« 
duced  from  the  experiments  on  the  smaller  description  of  tubes,  or  those  having  the 
corrugated  top«  and  thick  plates  on  the  upper  sides.  The  plates  forming  the  top  of 
the  model  tube  were  rather  thicker  than  intended,  and  consequently  gave  (according 
to  the  former  experiments)  a  preponderating  power  of  resistance  to  that  part  To 
obviate  this  disparity,  two  additional  strips,  6^  in.  by  5-16ths  in.  thick,  about  4  cwt., 
were  riveted  along  the  bottom  to  an  extent  of  20  ft.  on  each  side  of  the  shackle.  This 
increase  raised  the  area  of  the  bottom  to  nearly  thirteen  inches,  being  about  the  ratio 
of  6  to  3  or  23*5  to  13.  With  these  proportions,  and  having  repaired  the  fractured 
part  by  the  introduction  of  some  new  plates,  the  experiment  proceeded  as  before. 

Second  experiment.  Breaking  weight, 979 1021bs.^43'3tons. — Ultimate  deflection, 
4'  1 1  inches. — Permanent  set  could  not  be  taken.  In  this  experiment  the  tube  failed, 
by  one  of  the  ends  giving  way,  which  caused  the  sides  to  collapse.  The  weak  point 
in  this  experiment  was  evidently  a  want  of  stiffness  in  the  sideS.  To  remedy  this 
•vil,  and  keep  them  in  form,  a  number  of  vertical  ribs,  composed  of  light  angle  iron, 
were  riveted  along  the  interior  of  each  side,  at  distances  of  2  ft. ;  and  having  again 
restored  the  injured  parts,  the  tube  was  a  third  time  subjected  to  the  usual  tests. 

Third  experiment.  Breaking  weight,  1 26, 1 38  ibs.=56*3  tons. — Ultimate  deflection, 
6*68  inches. — Permanent  set,  or  defects  of  elasticitys=l'96  in.  After  suspending  a 
weight  of  12 1 ,443  lbs.,  the  platform  unfortunately  gave  way,  causing  an  interruption 
to  the  experiment.  Iliis  was,  however,  speedily  repaired,  and  the  experiment  coiw 
tinned,  when  the  tube  was  ultimately  torn  asunder,  through  the  bottom  plates,  by 
a  weight  of  126,138  lbs.  The  above  experiment  was  one  of  the  most  satisfactory 
description,  as,  at  the  moment  of  fracture,  the  cellular  top  gave  evident  symptomi 
of  yielding  to  a  crushing  force,  by  the  puckerings  of  each  side,  which  were  gra- 
dually enlarged  as  the  deflection  increased.  These  appearances  became  more  ap- 
parent as  the  joints  of  the  plates  on  the  top  side  had  cut  a  number  of  the  rivets 
in  two,  and  the  holes  had  slid  over  each  other  to  an  extent  of  nearly  3-lOths  of 
an  inch.  The  conclusive  nature  of  the  whole  of  the  experiments  on  the  model 
tube  is  highly  satisfactory :  they  exhibit  extraordinary  powers  of  resistance ;  and 
considering  that  the  weight  of  the  whole  material  contained  in  the  tube  does  not 
exceed  6  tons ;  that  the  distance  between  the  supports  is  75  (t, ;  and  the  load  in 
the  middle  i  1  times  its  own  weight,  or  22  times  if  equally  distributed,  it  is  probably 
not  over-rating  its  powers  to  state  that  hollow  beams  of  wrought  iron,  constructed  on 
this  principle,  will  be  found  (whether  used  for  bridges  or  for  buildings)  about  three 
times  stronger  than  any  other  description  of  girders. 

Experiments  on  the  Tubular  Bridge  proposed  by  Mr.  Stephenson  for  crosW' 
ing  the  Menai  Straits,    By  E.  Hodgkinson,  F*R.S. 

Finding  that  a  number  of  experiments  had  been  made  upon  cylindrical  and  ellip- 
tical tubes,  and  a  few  upon  rectangular  ones,  Mr.  Hodgkinson  expressed  a  con- 
viction that  the  tubes  then  tried  and  others  proposed,  would  not  be  the  best  for  the 
intended  purpose,  though  they  would  afford  valuable  introductory  knowledge.  He 
urged  that  the  tube,  to  bear  the  greatest  weight,  must  be  formed  as  a  large  beam 
or  girder,  having  its  top  and  bottom  equally  capable  of  resistance,  and  with  ndea 
strung  and  stiff  enough  to  keep  them  at  their  proper  distance ;  and  as  it  was 
found  that  the  tube  usually  gave  way  at  the  top  by  buckling,  and  hence  would 
require  additional  metal,  and  might  perhaps  be  very  heavy,  he  suggrested  that 
the  top  should  be  formed  of  cylindrical  tubes,  as  he  felt  that  these  tubes,  or  some- 
thing analogous  to  them,  would  best  resist  the  strain  to  which  the  top  would  be 
exposed.  The  following  are  some  of  the  leading  results ;  and,  first,  those  from 
the  fracture  of  two  aimilar  tubes,  as  in  the  following  table : — 


Length 
Tube. 

WeiKbt 
Tube. 

OUUnce 
between 
tupporti. 

Depth 

of 
Tube. 

Brai4th 

of 
TutM. 

Thickneaa  of  metal 
in  lOtlu  of  an  inch. 

Breaking 
«Migbt 

ft.     In. 
31      6 
47     0 

cwt.  or. 

20    3 
61     0 

ft. 
45 

ft. 

2 
3 

ft.  in. 

1  4 

2  0 

Top.  Betton.  Side. 
6         4         2 
9           6          3 

86-1 
66-5 
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The  iiltlmate  deflexion  of  the  former  tube  wm  about  2f  in.,  and  that  of  the  latter 
about  d^  in.  To  ascertain  the  power  of  such  a  tube  to  bear  a  side  itrain^-as  from 
the  action  of  the  wind-^he  smaller  tube  above,  after  being  well-repaired,  was  laid 
on  its  side,  and  broken,  from  a  mean  of  two  experiments,  with  15*2  tons.  Hence 
ita  lateral  strength  was  ^  of  its  vntieal  nearly ;  and  in  a  narrower  tube  it  would  be 
considerably  less.  A  number  of  experiments  were  made  to  determine  the  resistance 
of  plates  of  wrought  iron  to  a  force  of  compression ;  and  from  these  considerable  in- 
formation has  been  obtained  with  respect  to  the  laws  of  their  resistance  to  flexure  or 
buckling.  The  following  table  contains  the  weights,  external  dimensions,  and  weights 
of  greatest  resistance  of  some  of  the  tubes  10  feet  long,  which  were  subjected  to 
a  force  of  compression  :^ 


OTLINDRICAL  TUBE. 

WslfhtorTube. 

Eztenul  Dlamtter  of 
Tube. 

Weight  of  grasteit 
refittanoe. 

Ibt.     M. 
47     10 
45     15 
59      0 
64      4 

Inchei. 
2*34 

2-99 
405 
4-06 

Itai. 

31,828 
37,356 
47,212 
49,900 

RBCTANOULAR  TUBS. 

43     14i 
65      8 
82      0 
91      1 

4'lx41 
8-5  X  41 
8«lx41 
8*0x8-0 

19,646 
23,289 
43,673 
27,545 

The  rectangular  tubes  above  are  all  of  plates  ^xki  of  an  inch  thick.  They  were  all 
simple  rectangles  or  squares,  except  the  last  but  one,  which  had  a  division  in  it, 
making  it  into  two  squares.  The  proposed  tubular  bridge  has  undergone  altera^ 
tions  in  consequence  of  Mr.  Hodgkinson*s  experiments  and  recommendations ; — 
1st.  In  the  thickness  of  the  side  to  enable  it  better  to  resist  the  action  of  the  wind. 
2nd.  In  the  top  being  made  straight,  instead  of  curved,  to  allow  the  escape  of  the 
steam.  3rd.  In  reducing  the  rectangular  cells  at  the  top.  In  this  last  instance, 
however,  since  rectangular  tubes  are  weaker  than  square  ones  to  resist  compression, 
and  these  much  weaker  than  cylindrical  tubes,  Mr.  Hodgklnson  hopes  the  latter  will 
be  substituted  for  the  former )  as  it  would,  according  to  the  preceding  experiments, 
effect  a  saving  of  one-fourth  of  the  metal  in  the  top,  leaving  the  strength  the  same. 
This  matter  is  of  the  more  consequence,  as  the  weight  of  the  tubular  bridge  will  bear 
so  large  a  proportion  to  the  breaking  weight. 


Mr.  Clarke,  the  resident  engineer  of  the  proposed  Menai  Bridge,  read  a  statement 
of  the  principles  on  which  the  model  tubes  for  the  tubular  bridges,  on  the  Holyhead 
Railway,  should  be  increased  to  larger  dimensions. 

On  the  Law  whith  governs  the  BesiHance  to  Motion  of  Raihoay  Trains  at 
High  Velocities,     By  J.  Scott  Russell,  3f.^.,  P.R,S.E, 

Having  on  former  occasions  communicated  the  results  of  experimental  researches 
concerning  the  resistance  experienced  by  floating  bodies  moving  along  the  surface  of 
water  at  high  velocities,  I  have  thought  it  not  an  inappropriate  sequel  to  communicate 
the  general  result  of  a  long  series  of  experiments,  made  partly  by  committees  of  this 
Association,  and  partly  by  myself.  The  subject  of  the  resistance  which  requires  to 
be  overcome  in  order  to  give  motion  to  tnuns  at  high  velocities  has  been  matter  of 
great  uncertainty,  soAe  dispute,  and  the  cause  of  several  grave  errors  in  practical 
engineering.  Some  six  years  ago  a  committee  of  the  Association  was  appointed  to 
make  experiments  on  this  subject,  and  these  experiments  were  at  the  time  a  valuab' 
addition  to  our  knowledge.  They  showed  that  the  resistance  at  such  velocities  af 
nUea  aa  hoar  wae  much  greater  than  had  been  supposed^at  least  double. 
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committee,  however,  in  concluding  thdr  labours^  stated  that  they  were  not  able  to 
deduce  from  them  any  law,  or  semblance  of  a  law;  that  the  resistance  increased 
with  the  velocity,  but  it  did  not  appear  to  do  so  according  to  any  simple  function  of 
the  velocity,  neither  as  the  velocity  directly,  nor  as  the  square  of  the  velocity.  Since 
that  time  the  question  has  been  a  qtuesHo  vexata  among  practical  men  and  mathema- 
ticians. A  paper  read  at  the  Royal  Society  last  winter  comes  to  the  same  conclusion 
as  the  old  committee  of  the  British  Association,  viz.  that  no  law  is  manifested  in 
the  experiments,  of  which  at  high  velocities  the  results  are  quite  anomalous.  The 
consequences  of  errors  on  such  a  point  have  become  now  so  serious,  especially  where 
velocities  of  50  or  60  miles  an  hour  are  attempted,  that  it  has  been  thought  desirable 
that  the  question  should  be,  if  possible,  thoroughly  resolved.  For  this  purpose  I  have 
undertaken  a  series  of  practical  experiments*  on  a  large  scale,  with  nulway  trains  of 
a  great  variety  of  size  and  weight,  and  at  velocities  as  high  as  61  miles  an  hour. 
They  were  made  on  the  South-Western,  London  and  Brighton,  South^Eastem,  Shef- 
field and  Manchester,  and  Croydon  Atmospheric  Railways.  I  have  combined  with 
these  the  experiments  formerly  made  by  the  British  Association,  and  some  by  Mr. 
Harding  on  the  broad  gauge  j  and  it  is  the  result  of  this  great  variety  of  facts  which 
I  wish  to  lay  before  the  Section.  The  experiments  themselves  are  arranged  in  the 
following  table : — 


No.  of 

Uniform  velocity 

Resistance 

Besiitance 

Expe- 

maintained in 

in  lbs.  per  ton  by 

in  lbs.  per  ton  by 

riment. 

miles  per  hour. 

Experiment. 

Fonnula. 

1 

10 

8-40 

9'30 

2 

14 

12*60 

13*90 

3 

14 

12*60 

13*90 

4' 

29 

16*50 

15*70 

5 

31 

23*30 

25*40 

6 

31 

18*20 

16-30 

7 

32 

22*50 

27-20 

8 

33 

22*50 

22*70 

9 

33 

15*68 

16*90 

10 

33 

15*96 

17-00 

11 

34 

16*60 

17-30 

12 

34 

16*95 

17-30 

13 

34 

17-70 

17-30 

14 

34 

23-30 

27-20 

15 

34 

25*00 

23*10 

16 

35 

22*60 

26-10 

17 

36 

22-50 

22*40 

18 

36 

22-40 

21-50 

19 

37 

17-50 

18*20 

20 

37 

25*00 

28*40 

21 

39 

30-00 

31*00 

22 

41 

22*99 

19-60 

23 

41 

26*78 

19*60 

24 

45 

21*70 

21*00 

25 

46 

23*10 

21-30 

26 

46 

30*31 

31*00 

27 

47 

33-70 

33*10 

28 

50 

32*90 

36-30 

29 

51 

26*40 

23*00 

30 

53 

41*70 

42-10 

31 

61 

52*60 

54*80 

These  experiments  show  the  great  amount  of  resistance  at  high  velocities ;  but  they 
also  show  the  apparent  anomaly  of  the  results.  We  have  many  higher  velocities 
than  others  with  much  lower  resistances*  These  are  the  difficulties  in  the  way  of 
any  simple  and  apparent  solution.  The  method  of  investigation  I  have  adopted  is 
this— I  have  taken  all  the  results  of  experiments,  and  removed  firom  them»  in  the 
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first  iDstance^  all  the  questionable  experiments.  I  found  it  necessary  to  discard  all 
the  experiments  made  with  accelerating  velocities,  and  to  retain  only  such  as  were 
made  on  uniform  velocities,  in  the  same  circumstances,  over  a  large  space ;  most  of 
my  own  experiments  having  a  steady  uniform  velocity  over  from  one  mile  to  six.  I 
have  also  selected  those  which  were  most  free  from  the  action  of  wind— an  element 
of  much  importance.  By  thus  weeding  out  the  experiments,  and  taking  only  the 
most  unquestionable,  I  simplified  the  subject  very  materially.  Those  which  remain 
are  given  iu  the  table.  In  this  table  the  weight  of  each  train  in  tons  is  shown,  and 
the  number  of  pounds  of  force  required  to  keep  each  ton  weight  of  that  train  in  mo- 
tion at  a  given  number  of  miles  per  hour,  is  shown  by  actual  experiment.  The 
analysis  of  those  experiments  I  made  as  follows  : — I  take  the  friction  of  the  axles  and 
wheels  as  an  ascertained  quantity  equal  in  the  best-conditioned  carriages  to  6  lbs.  per 
ton  of  tnun.  This  I  conceive  we  may  consider  to  have  been  proved  by  all  experiments 
of  friction,  including  those  of  Mr.  Morin,  the  latest  and  best,  to  be  a  source  of  re- 
sistance constant  at  all  velocities.  This  I  call  friction  proper,  and  I  consider  it  as  the 
first  element  of  resistance.     Friction  proper,  the  first  element  of  resbtance, — or 

Ri  =  Cf», [1.] 

where  C  =  6  lbs.,  and  m  =  the  mass  of  the  train  in  tons  weight. 

The  second  element  of  resistance  is  the  resistance  of  the  air  to  the  front  of  the  train. 
This  has  been  variously  estimated,  and  somewhat  erroneously.  Some  persons  have 
taken  for  it  Smeaton's  tables  of  the  force  of  the  wind.  But  such  a  table  gives  a 
quantity  quite  in  excess  ;  for  these  tables  were  made  from  the  force  of  the  wind  upon 
a  Mm  plate,  a  case  where  the  minus  pressure  behiud  is  added  to  the  plus  pressure 
before  the  plate ;  whereas,  in  the  case  of  the  railway  train,  there  is  a  solid  body, 
whose  third  dimension  extends  the  whole  length  of  the  train.  I  have  therefore  taken, 
not  the  table  of  the  force  of  the  wind,  but  a  table  of  the  resistance  of  air  calculated 
from  the  height  due  to  the  velocity,  which  I  have  found  to  represent  most  accurately 
the  resistance  of  fluids  to  bodies  passing  through  them;  and  I  have  taken  this,  as  the 
second  essential  element  in  the  resistance  to  railway  trains.  Resistance  of  the  air« 
the  second  element : — 

R,  =  Apt;S [2.] 

where  A  =  the  area  in  square  feet  of  the  front  of  the  tnun,  and  p  =  weight  of  a 
column  of  air,  whose  base  is  a  square  foot,  and  whose  length  is  the  height  due  to  the 
velocity  of  one  mile  an  hour ;  v  being  the  velocity  of  the  train. 

After  having  deducted  from  the  results  of  the  experiments  the  sum  of  these  two  re- 
sistances, 1  have  found  a  large  amount  still  unaccounted  for ;  and  I  find  this  quantity 
to  be  not  only  large,  but  dependent  also  on  the  velocity.  The  question  which  I  now 
submit  to  the  Section  is  the  determination  of  the  nature  and  cause  of  this  third  ele- 
ment of  resistance.  The  third  element  of  resistance  appears  by  the  experiments  to 
increase  very  nearly  as  the  velocity,  simply;  that  is,  it  amounts  at  10  miles  an  hour 
to  about  3  lbs.,  at  30  miles  an  hour  to  10  lbs.,  and  at  60  miles  an  hour  to  20  lbs.  per 
ton.  It  is  therefore  proportioned  to  the  mass  or  weight  of  the  train  and  to  the  ve- 
locity jointly.    Other  resistances  due  to  velocity  or  third  element : — 

R3  =  Bmv, [3.] 

where  ^  lb.,  m  the  weight  of  the  train  in  tons,  and  v  its  velocity  in  miles  an  houi*. 
Whence  the  total  resistance  (R)  to  any  train  of  any  weight  moving  with  any  velocity 
is  to  be  obtained  from  the  formula 

R=:Rj-|-R,-|-R«  =  Apt»«+Bmt»-|-Cm [4.] 

The  results  of  this  formula  are  shown  in  the  last  column  of  the  table ;  and  from  the 
close  manner  in  which  they  follow  the  experiments  through  their  various  and  ap- 
parently anomalous  results,  they  may  be  regarded  as  an  approximation  to  the  truth 
sufficiently  close  for  all  practical  purposes.  The  next  question  discussed  was  the 
nature  of  this  third  element — resistance.  The  author  attributed  it  mainly  to  the  con- 
cussions, oscillations,  frictions  and  flexures  to  which  all  the  portions  both  of  the  train 
and  permanent  way  are  subject,  at  high  velocity. 

Modification  of  Dr.  Whewell's  Anemometer  for  measuring  the  velocity  of  the 
Wind.    By  the  Rev.  T.  R.  Robinson,  DJ).,  MMJ.A. 

The  author  explained  briefly  to  the  Section  the  nature  of  the  various  anemometers 
which  have  hitherto  been  used.    Most  of  them  measure  the  pressure  of  the  wind,  and 
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Otler  has  contrived  an  arrangement  by  which  thii  ii  registered  in  connexion  with  the 
time  and  the  direction.  Meteorologists  however  are  chiefly  interested  about  the  ve- 
locity, or  rather  the  actual  space  traversed  by  atmospheric  currents.  The  velocity  ai 
any  instant  can  be  computed  from  the  observed  pressure ;  but  the  mean  velocity  for  a 
given  period  cannot  easily  be  derived  from  the  mean  pressure.  But  Whewell's  in- 
strument gives  the  desired  result  immediately,  recording  the  space  itself.  As  con- 
structed by  him,  however,  it  is  liable  to  errors,  which  Mr.  Snow  Harris  pointed  out  at 
the  Plymouth  meeting ;  at  the  same  time  producing  a  series  of  observations  which 
seemed  so  important  to  Dr.  Robinson,  that  he  endeavoured  to  contrive  a  machine  which 
should  perform  the  same  office  more  precisely,  and  whose  indications  should  have  an 
invariable  value.  He  was  enabled  to  do  this  by  the  application  of  a  fact  which  he 
learned  from  the  late  Richard  Lovell  Edgeworth,  Esq. :  if  hemispherical  cups  be  car- 
ried by  horizontal  arms  attached  to  a  vertical  axis,  with  their  diametral  planes  verti- 
eal,  they  constitute  an  efiective  windmill,  which  Dr.  Robinson  has  found  revolves  with 
on$'third  of  the  wmd^s  vetoeUfi.  To  the  bottom  of  the  axis  is  attached  wheel  work  ac- 
tuating a  revolving  disc,  which  rotates  through  a  degree  for  every  mile  traversed  by 
the  wind.  A  pencil  moved  in  the  direction  of  the  radius  by  clockwork,  at  the  rate  of 
half  an  inch  per  hour,  traces  on  paper  fixed  on  this  disc  the  curve  of  space  and  time. 
A  similar  disc  connected  with  a  powerful  vane  records  the  curve  of  direction  and  time ; 
as  however  such  vanes  (especially  in  high  winds)  are  in  perpetual  oscillaUon,  there 
is  attached  to  it  a  regulator  consisting  of  a  small  water-wheel  revolving  in  a  cistern , 
with  a  speed  five  times  that  of  the  vane.  This  of  course  obeys  any  slow  change  of 
direction  without  difficulty,  but  presents  so  great  a  resistance  to  any  rapid  shift,  thai 
the  eddies  are  past  before  it  yields.  This,  though  not  absolutely,  yet  in  a  great  mea- 
8ure«  steadies  the  vane.  The  machine  erected  at  the  Armagh  Observatory  acta  in  a 
very  satisfactory  manner,  moving  when  no  air  of  wind  can  be  felt,  yet  acting  with 
perfect  steadiness  in  severe  gales,  during  one  of  which  Lind*s  gauge  showed  a  pressure 
of  2§  inches  of  water.  He  then  explained  how  the  daily  results  were  to  be  summed 
up  by  resolving  them  according  to  axes  of  coordinates  directed  to  the  north  and  east, 
and  illustrated  the  method  by  exhibiting  the  process  for  the  first  six  months  of  the 
current  year.  

On  the  Sailing  Powers  rf  two  Yachiiy  bmU  on  the  Wave  Princ^^ 

Sy  J.  Phipps,  M.D. 

The  first  was  built  for  Dr.  Corrigan,  of  Dublin,  in  1844;  a  small  open  boat  24 
feet  by  6,  of  3^  tons,  which  did  so  well  that  she  was  able  to  beat  everything  near  her 
own  size,  and  to  sail  with  those  which  exceed  it  in  some  instances  as  nu*  as  four 
times.  She  was  dry  in  seas  where  they  were  wet,  was  very  stifle,  sure  in  stays,  and 
steered  well  at  all  times.  The  secondly  a  yacht  of  45  tons,  O.M.y  for  Samuel  Hodder, 
Esq.,  of  Ringabella ;  built  from  the  drawing  by  Mr.  Feasley.  of  Passage  West,  in 
Cork.  She  appears  to  have  the  following  qualities  :  a  first-rate  performance,  at« 
tained  without  sacrifice  of  any  good  quality,  large  accommodation,  and  high  stabilitj. 
She  is  weatherly,  steady  and  easy,  dry  in  the  worst  weather,  and  pitches  and  ascends 
less  than  any  vessel  I  was  ever  in.  She  turns  so  sharply  that  no  l(Vton  yacht 
can  do  it  quicker,  and  steers  so  well,  scudding  in  a  gale  of  wind,  that  notwithstand- 
ing an  unbalanced  state,  from  an  injudicious  shifl  of  mast,  she  neither  broaches  to 
nor  is  compelled  to  lay  to,  which  a  companion  of  larger  size  (60  tons),  and  of  tried 
sea  qualities,  was  forced  to  do,  and,  in  consequence,  arrived  from  Cork  to  Dublin  14 
hours  after  the  Wave-built  yacht.  In  a  race  at  Kingstown  for  the  Railway  Cup  of 
100  guineas,  in  which  she  was  matched  against  the  best  boats  of  the  three  countries, 
in  a  time  race,  including  one  fine  yacht  of  100  tons,  she  won — ^and  did  the  course 
exactly  in  4  h.  22  m.  58  s.~it  being  46  nautic  miles.  Making  no  allowance  for  tack* 
ing  or  starting  from  absolute  rest,  the  rate  of  this  is  lOi-  knots  per  hour.  This  b  a 
great  result  for  a  principle  yet  in  its  infancy.  The  same  vessel  lert  Holyhead  in  a  gale 
of  wind,  with  storm-sails,  main-sail  stowed,  and  everything  made  snug  ;  with  a  reefed 
try-sail,  a  double-reefed  fore-sail,  and  third  jib.  She  lay  in  one  stretch  to  the  Irish 
coast,  where  she  tacked  to  the  southward,  beating  down  to  the  Arklow  light  in  1 1 
hours.  Six  persons  on  board,  being  separately  questioned,  agreed  that  the  time  from 
Holyhead  to  the  Irish  coast  was  4^  hours.  Making  every  reasonable  allowance,  less 
than  50  nautic  miles  could  not  have  been  done ;  and  this  gives  a  velocity  of  1 1  nantic 
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inilei  per  hoar, — in  unrecorded  speed  for  ships  of  any  size,  closehauled,  hut  surprising 
for  a  yessel  of  45  tons,  and  in  a  very  rough  sea.  It  was,  in  fact,  remarked  on  hoard, 
that,  as  the  wind  freshened,  her  pace  increased  without  limit.  This  agrees  with  the 
fact  stated  by  Capt.  Fishbourne  of  the  Flambeau  steamer,  on  wave  Unes,  that  she 
had  a  speed  greatest  in  the  worst  weather,  as  compared  with  her  rival.  It  is  perhaps 
possible  to  improve  sailing  vessels  greatly,  aa  compared  with  steamers.  When  so 
improved,  they  might  be  used  where  suling  vessels  nearly  compete  with  steamers  at 
present  This  may  be  further  helped  by  the  diminution  of  insurance  and  of  the  pre- 
sent unnecessary  waste  of  human  life. 


Mr.  Bodmer  communicated  the  result  of  experiments  on  long  and  short  stroked 
steam-engines.  . 

Mr.  Clarke  exhibited  the  model  of  a  new  atmospheric  tube,  in  which  the  sides 
are  elastic  enough  to  close  the  slit  and  form  a  self-acting  valve. 


Dr.  Bevan  exhibited  his  mode  of  applying  atmospheric  air  to  propulaion. 


Mr.  Eyton  exhibited  the  model  of  a  compact  form  of  vertical  steam-engine,  which 
possessed  the  advantage  of  a  long  connecting-rod.  The  plan  was  not  quite  original, 
but  he  had  applied  it  with  advantage. 

On  Vulcanized  CcunUchoue.    By  W.  Brockbdon,  F.R.S* 

Mr.  Brockedon  stated  that  the  discovery  in  this  country  was  due  to  Mr.  Hancock 
of  the  firm  of  C.  Macintosh  and  Co.,  Manchester,  and  that  he  made  it  whilst  experi- 
menting to  fuse  caoutchouc  and  sulphur  together.  He  found  that  though  the  sul- 
phur was  at  300®,  the  rubber,  which  alone  would  have  melted  at  about  220®  and 
absorbed  the  sulphur,  was  thus  protected  from  melting.  A  chemical  union  of  a  cer- 
tain portion  of  the  sulphur  with  the  caoutchouc  took  place ;  and  it  was  found  that 
this  process  might  be  carried  far  enough  to  carbonize  the  caoutchouc  to  the  condition 
of  horn,  but  never  to  melt  it.  Mr.  Hancock  then  united  sulphur  mechanically  with 
rubber;  and  also  dissolved  sulphur  in  the  solvents  of  caoutchouc ;  and  heating  these 
materials  so  prepared  to  the  necessary  degree,  found  thiA  the  change  was  effected 
called  mdcmmed.  The  new  properties  which  rubber  thus  acquires  are  most  import- 
ant in  the  bauds  of  mechanical  engineers,  from  the  increased  and  permanent  elasticity 
of  the  vulcanized  rubber;  it  is  being  brought  into  extensive  application  and  use  for 
railways,  lying  between  the  rail  or  the  chair  and  the  sleeper;  for  the  drag  and  buffer 
springs  and  side  springs  of  railway  carriages,  waggons  and  trucks ;  for  washers  for 
steam,  gas,  and  water-pipes,  being  permanently  elastic  at  low  temperatures  as  well 
as  at  very  high ;  even  for  steam  pipes  at  50  and  60  lbs.  to  the  inch,  they  have  formed 
a  perfect  joint.  A  Nasmyth  steam-hammer  of  5  tons  weight  has  fallen  18  inches  on 
a  piece  \  an  inch  thick  and  2  inches  square  without  any  injury  to  the  form  of  the 
ruhber.  A  cannon-ball  resting  on  a  piece  of  vulcanized  rubber  1  inch  thick  has  been 
crushed  and  broken  without  leaving,  except  upon  close  examination,  any  trace  of  its 
effects  on  the  rubber,  when  a  hole  Uke  a  leech-bite  might  be  found  whidi  had  closed 
after  the  blow.  The  layer  of  corrugated  rubber,  which  had  been  placed  between  the 
ndl  and  the  sleeper,  after  two  years^  service  on  the  Great  Western  Line,  betrayed  no 
trace  of  injury  or  effect  of  pressure. 

Upon  this  new  material  the  solvents  of  common  rubber  have  no  longer  the  action 
of  solvents;  the  rubber  slowly  absorbs  them  but  is  not  dissolved  by  them,  and  when 
the  essential  oils  are  evaporated  the  vulcanized  rubber  regains  all  its  strength  and 
elasticity.  Its  elasticity  is  permanent  and  invariable ;  no  cold  of  our  climate  has  any 
power  to  harden  it,  or  the  heat  of  any  climate  to  injure  it.  These  are  properties  which 
cannot  fail  of  bringing  it  extensively  into  use  in  the  mechanical  arts. 

1846.  I 
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On  a  Machine  for  registering  ike  Velcciig  qfJiaibpa^  Trains, 

By  M.  RicARDo. 

The  object  of  it  is  to  furnish  the  railway  coropaQies  widi  a  record  of  the  work  done 
by  each  train,  and  the  measure  in  which  it  has  been  done.  By  this  means  they  would 
be  often  enabled,  in  case  of  any  accident,  to  assign  correctly  the  nature  and  eause  of 
the  accident ;  and  so  prevent  its  recurrence.  He  also  showed  the  work  qf  a  machine 
for  registering  the  resistance  of  trains. 


On  the  CamparaJ^ve  Value  of  the  different  kinds  of  Gas  Meters  now  in  use^ 

By  JT  Sharp. 


ETHNOLOGY. 


Notice  on  the  Aborigines  of  Newfoundland.  By  J.  Bbbtb  Jukes,  M.A.^  P.G.S* 

In  this  paper  the  author  stated  that,  from  all  the  information  he  procured  in  New- 
foundland in  the  years  1839  ^d  1840,  he  believed  the  aborigines  of  that  country  to 
be  a  branch  of  the  Red  Indiana  of  North  America,  and  that  they  he^i  no  affinity  with 
the  Esquimaux ;  that  they  were  acquainted  with  the  £squiinaux,  and  4espi8ed  them 
for  their  dirty  habits ;  that  they  were  on  friendly  terms  with  the  mountaineers  of 
Labrador,  whom  they  called  Shaunamunc ;  and  that  about  twenty  years  ago  the  last 
remnant  of  the  Boeothips,  or  Aborigines  of  Newfoundland,  were  probably  received  by 
the  mountaineers  and  incorporated  into  their  tribes. 


Notes  on  the  three  Races  of  Men  inhahi^ng  the  Islandt  of  the  Indian  and  Pacific 

Oceans,    By  J.  Beete  Jukes,  M.A,^  F.G.S. 

In  this  paper  the  author  stated  his  belief,  derived  from  personal  observation,  that 
in  the  islands  included  between  the  eastern  coast  of  Africa  and  ^be  western  coast  of 
America,  there  were  at  least  three  races  of  men: — 1st.  The  Malay o-Polyuefian  ny»« 
2nd.  The  Papuan  race.     3rd,  The  Australian  race. 

He  believed  that  thes^  three  races  would  be  found  to  differ  one  from  the  other, 
physically,  morally  and  intellectually.  He  then  detailed  some  of  these  di^erenees^ 
and  showed  that  whichever  class  of  characters  were  taken,  the  differences  between 
the  races  became  equally  strongly  marked.  As  a  good  external  physical  mark,  the) 
bair  might  be  taken ;  wnen  the  iirst  race  might  be  called  the  strjtight-baired ;  the 
second,  the  frizzle-haired;  and  the  third,  the  curly-haired.  The  author  entered  some* 
what  at  length  into  a  comparison  of  the  manners  and  customs  of  the  two  latter  racest 
as  they  had  hitherto  often  been  confounded  together,  and  showed  that  there  wm  u 
strongly  marked  a  distinction,  whether  the  structure  and  aspect  of  the  body»  tbe  dis- 
position or  powers  of  the  mind,  or  the  habits  and  customs,  arts,  implements,  and  weapons 
of  the  people  were  taken  as  the  standard  of  comparison,  between  the  second  race  and 
the  third  ^s  between  the  second  and  the  first.  He  stated  that  the  third  raoe,  or 
Australian,  was  strictly  confined  to  the  continent  of  Australia,  and  the  islands  im- 
mediately adjacent  to  its  shores.  He  described  the  second,  or  Papua  race,  as  stretchiiig 
from  Mangeray  or  Flores,  through  Timor,  New  Guinea,  and  the  adjacent  iriandst 


apparently 

longed  to  them ;  and  even  some  of  the  hill  tribes  of  the  interior  of  India  aeomed  to  re- 
semble them.  On  the  south-east  again  they  seemed  to  have  reached  Van  Diemen's  Land, 
and  mingled  there  with  the  Australian  race.  The  first  race,  or  the  Malayo-Polynesiao, 
occupied  all  the  other  islands,  namely,  Madagascar,  Sumatra,  Java,  Borneo,  Celebes, 
the  Philippines,  Carolines,  Friendly  Islands,  New  Zealand,  and  aU  the  other  islands 
to  the  eastward  over  the  whole  Pacific  Ocean.    The  principal  object  of  the  paper 
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was  itated  to  be  the  Beparation  of  the  Australian  race  from  the  Papuan  ;  the  dif> 
ferences  between  them  neing  quite  as  strongly  marked  as  between  tne  Papuan  and 
the  Mahiyo-Polynesian.  ,«,..__ 

On  a  Vocabulary  of  the  Bethuck  Indians  of  Newfoundland, 

By  R.  O.  Latham,  M,D, 

The  evidence  of  language  is  in  favour  of  the  ethnographical  affinities  of  the  native 
Indiftns  of  Newfoundland  being  with  the  Red  Indian  rather  than  the  Esquimaux  tribes. 


On  the  Nekrasowzers  of  Bessarabia.    By  W.  TwininO)  ilf.Z). 

A  small  Cossack  race,  which  chiefly  supports  itself  by  fishing,  and  after  having 
been  engaged  in  hostility  with  all  its  neighbours,  settled  in  Russia  in  1830. 


On  the  Natives  of  Timor  and  Macassar,    By  Mrs.  I^hort. 

The  former  are  of  dark  complexionsi  of  five  feet  six  inches  in  height,  and  well* 
proportioned.  They  are  inclined  to  gambling,  slaving,  and  drinking ;  they  are  in- 
genious artificers  and  careful  of  the  dead.  They  worship  the  devi),  and  are  very 
superstitious.  Their  dress  is  picturesque.  The  people  of  Macassar  are  superior 
physically  to  the  natives  of  Timor ;  their  deportment  is  bold  and  independent,  and 
eye  beautifully  fierce.  Great  attention  is  paid  by  the  females  to  the  dressing  of  their 
hair.  They  indulge  in  cock-fighting ;  but  are  industrious  and  take  great  pride  in  the 
neatness  of  their  houses  and  gardens.  The  tribe  of  the  people  of  Macassar  de- 
signated Bugis,  are  a  very  commanding  people,  and  ornament  themselves  with  valuable 
jewellery.    They  are  very  susceptible  of  insult  and  revengeful. 


On  the  present  state  of  Ethnological  Philology.    By  R.  G.  Latham^  MJ). 

On  certain  Races  of  Siberia.    By  Professor  Von  Middekdorvf. 

1.  Ottiaeks, — ^The  most  eastern  branch  of  the  Finnic  stock.  Between  the  Finns 
and  Mongols,  as  spread  over  continuous  areas,  the  Yenisey  is  the  boundary.  East, 
however,  of  the  Yenisey,  on  the  Kureika  River,  is  found  a  small  detached  Ostiack 
horde.  A  nomade  tribe^  still  more  to  the  east,  although  called  Ostiack,  is  probably 
Samoeide. 

2.  Samoeides. — ^According  to  physical  conformation,  the  Samoeides  are  Mongol. 
Two  Samoeide  languages,  each  falling  into  various  dialects,  are  spoken  on  the  Lower 
Yenisey.  The  Samoeides  of  the  White  Sea  are  the  type  of  the  race.  The  Yuracks, 
or  Samoeides,  on  the  west  of  the  Yenisey,  have  a  Finnic  character.  The  Chatanga 
River  forms  the  eastern  boundary  on  the  Samoeides. 

3.  Tungurians, — Three  or  four  main  dialects.  Three  varieties  of  physical  con- 
formation. 

4.  Yakuts, — The  antagonism  between  the  evidence  of  language  and  the  evi- 
dence of  physical  conformation  is  here  even  stronger  than  in  uie  case  of  the 
Samoeides ;  the  langua<?e  being  Turk,  the  physiofirnomy  Mongol.  The  Yakuts  are 
pre-eminent  examples  oi'  the  extent  to  whicn  the  habits  and  constitution  accommo- 
date  themselves  to  change  of  locality  and  climate.  Originally  inhabitants  of  the 
Central  Asiatic  Steppes,  destitute  of  trees,  their  second  habitation  was  the  region 
of  woods,  and  their  third  the  borders  of  the  Polar  sea.  Their  first  domestic  animal  was 
the  horse,  their  second  the  rein-deer,  and  their  third  the  dog.  The  Dolganen  are  an 
outlying  tribe  of  Yakuts,  hitherto  undescribed,  on  the  Yenisey. 

5.  Yukagir», — Only  two  individuals  seen ;  their  physical  characters  those  of  the 
Yuracks. 

6.  Ainos. — Locality,  the  left  bank  of  the  mouth  of  the  Amur ;  name,  Gilacken  ; 
physiognomy,  Caucasian^  sometimes  Japanese.  The  two  characters  occasionally  found 
even  in  the  same  family. 

7.  KachkftalL — On  the  south  bank  of  the  Amur.    Known  only  from  the  descrip- 

i2 
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lions  of  the  Ainos.  Stature,  short ;  the  lower  extremities  being  disoroportionately  so. 
The  further  investigation  of  Uiese  tribes  is  important ;  inasmuch  as  they  may  represent 
the  Samoeide  varieties  of  the  ley  Sea,  in  a  more  southern  and  eastern  locality. 

On  the  Ethnographical  Distribution  of  Round  and  Elongated  Crania. 

By  Professor  Ketzius. 

The  development  of  the  occipital  bone  determines  that  character  of  the  cranium 
which  may  be  called  DoUchocepnalic, 

The  development  of  the  parietal  bones  determines  that  character  of  the  cranium 
which  mav  be  called  Brtiehycephalic. 

The  Celtic  nations  are  pre-eminently  dolichocephalic,  the  Finnish  brachycephaliem 

Furthermore,  nations  with  a  perpendicular  profile  are  orthognathic ;  nations  with 
a  retiring  profile  are  prognathic.  Of  the  former,  the  Greeks,  Romans,  Germans,  &c. 
are  the  type ;  of  the  latter,  the  Negro. 

Hence  the  classification  into— 

European. 

1.  Gentes  doUehocephaUe  orthognathy — The  Scandinavians,  Germans,  Gaels,  &c. 

2.  Gentes  hrachycephaUe  orthognathte — Laps,  Finns,  Slaves,  Turks,  &c. 

Asiatic. 

1.  Gentei  doUchocephake  orthognathy — Hindoos,  Geoi^ians,  Arabians,  &c. 

2.  Gentes  brachycephalte  orthognathy — Samoeides,  Yakuts,  Buriats,  &c. 

3.  Gentea  dolichocephala  prognatlue—Chinene,  Japanese. 

4.  Gentes  brachycephalaprognathde-^Cahnxxcin,  Tartars  (?),  Malays,  &c. 

Polynesian. 

1.  Gentes  brachyeephala  orthognathy — ^The  Tagals  of  the  Manillas. 
3.  Gentes  doliehocephalm  prognatha — Australians,  New  Zealanders,  &c. 
3.  Gentes  brachycephtdtB  prognathm — ^Tahitians,  Malays,  Papuans. 

African. 

1.  Gentes  doUchocephala  orthognathy^ — Guanches,  Berbers,  Nubians,  Abyssinians ; 
transitional  to  the  g,  prognatha, 

2.  Gentes  doUchocephala  prognatha — Copts,  Cafires,  Hottentots,  Negro^  in  general. 

American. 

1.  Gentes  dotichocephake  prognathoe — Eskimos,  Colooches,  Cherokees,  Iroquois, 
Hurons,  Chiccasaws,  Cayugas,  Algonkins,— Botocudos,  Caribbs,  Guaranis,  Aymaras, 
Patagonians. 

2.  Gentes  brachycephake  prognathte — Natchez,  Creeks,  Uchees,  Clatsops,  loways— 
Charruas,  Pueiches,  Araucanians,  Modem  Peruvians. 

3.  Gentes  brachycephaUe  orMoyna^A/r— Atzecks  (?),  Incas  of  Peru  (?) 


On  the  Comanche  Indians,     By  W.  Bollaert. 

These  the  author  stated  to  be  a  Texian  tribe  of  native  Indians,  who  were  divided 
into  three  divisions:^-!.  The  Comanche  or  Jetan.  2.  The  Lemparack.  3.  The 
Tenuha.  They  constituted  the  largest  native  tribe  in  Texas ;  they  possessed  few 
traditions,  and  were  unacquainted  with  agriculture  ;  consequently  their  habits  were 
migratory.  During  war,  they  acknowledged  one  chief;  they  had  an  idea  of  a  future 
state,  but  of  a  very  gross  nature,  believing  in  the  existence  of  evil  spirits  and  witch* 
craft.  The  author,  in  conclusion,  gave  some  remarks  on  their  mode  of  conducting 
war,  and  on  their  treaties. 

On  the  Indian  Tribes  of  Texas,    By  W.  Bollaert. 

This  consisted  of  an  enumeration  of  the  distinct  tribes  which  were  now,  or  had  been 
known  in  Texas.  They  formed  a  catalogue  of  thirty-five  tribes.  Some  of  these  were 
derived  from  the  Comanches — others  were  either  wholly  or  nearly  extinct.  The 
manners  of  a  few  of  the  most  considerable  were  alluded  to* 
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On  a  Comanche  Vocabulary.    By  R.  G.  Latham,  M.D, 

From  the  evidence  of  two  Rcanty  vocabularies,  the  Comanche  language  appears  to 
be  closely  allied  to  that  of  the  Shoshonie  or  Snake  Indiana. 


On  the  Origin  of  the  Modem  Greeks,    By  G.  Finlat. 


On  the  Tasmaniane,    By  H.  B.  Da  vies. 


On  the  Afrieane  of  the  neighbourhood  of  Bonny,    By  Capt.  Brian. 


On  the  Inhabitants  of  Prince's  Island.    By  the  Rev.  J.  Freeman. 


On  the  Inhalritants  of  Port  Essington,    By  Mrs.  Short. 


On  the  Delia  and  Alluvial  Deposits  of  the  Mississippiy  and  other  points  in  the 
Geology  rf North  America^  observed  in  the  years  1845-46.  JBy  Charles 
Lyell,  M.A.,  F.R.S.  and  V.P.G.S. 

(A  Discourse  delivered  at  the  Evening  Meeting,  Monday,  Sept.  14,  1846.) 

The  delta  of  the  Mississippi  may  be  defined  as  that  part  of  the  great  alluvial  plain 
which  lies  below  or  to  the  south  of  the  branching  off  of  the  highest  arm  of  the  river 
called  the  Atchafalaya.  This  delta  is  about  14,000  square  miles  in  area,  and  ele- 
vated from  a  few  inches  to  ten  feet  above  the  level  of  the  sea.  The  greater  part  of 
it  protrudes  into  the  Gulf  of  Mexico  beyond  the  general  coast* line.  Ilie  level  plain 
to  the  north,  as  far  as  C^e  Girardeau  in  the  Missouri,  above  the  junction  of  the 
Ohio,  is  of  the  same  character,  including,  according  to  Mr.  Forshey,  an  area  of  about 
16,000  square  miles,  and  is  therefore  larger  than  the  delta.  It  is  very  variable  in 
width  from  east  to  west,  being  near  its  northern  extremity,  or  at  the  month  of  the 
Ohio,  50  miles  wide,  at  Memphis  30,  at  the  mouth  of  the  White  River  80,  and  con- 
tracting again  further  south,  at  Gmnd  Gulf,  to  33  miles.  The  delta  and  alluvial  plain 
rise  by  so  gradual  a  slope  from  the  sea  as  to  attain  at  the  junction  of  the  Ohio  (a 
distance  of  800  miles  by  the  river)  an  elevation  of  only  200  feet  above  the  Gulf  of 
Mexico. 

Mr.  Lyell  first  described  the  low  mud-banks  covered  vrith  reeds  at  the  mouths  of 
the  Mississippi  and  the  pilot-station  called  the  Balize ;  then  passed  to  the  quantity 
of  drift- wooid  choking  up  the  bayons  or  channels  intersecting  the  banks ;  and,  lastly, 
enlarged  on  the  long,  narrow  promontory  formed  by  the  great  river  and  its  banks 
between  New  Orleans  and  the  Balize.  The  advance  of  Uiis  singular  tongue  of  land 
has  been  generally  supposed  to  have  been  very  rapid ;  but  Mr.  Lyell,  and  Dr.  Car- 
penter who  accompanied  him,  arrived  at  an  opposite  conclusion.  Aher  comparing 
the  present  state  of  this  region  with  the  map  published  by  Charlevoix  120  years  ago, 
they  doubt  whether  the  land  has  on  the  whole  gained  more  than  a  mile  in  the  course 
of  a  century. 

A  large  excavation  eighteen  feet  deep,  made  for  the  gas-works  at  New  Orleans,  and 
still  in  progress  in  March  1846,  shows  that  much  of  the  soil  there  consists  of  fine 
clay  or  mud,  containing  innumerable  stools  of  trees,  buried  at  various  levels  in  an 
erect  position,  with  their  roots  attached,  implying  the  former  existence  there  of  fresh- 
water swamps  covered  with  trees,  over  whidi  Uie  sediment  of  the  Mississippi  was 
spread  during  mundations,  so  as  slowly  to  raise  the  level  of  the  ground.  As  me  site 
of  the  excavation  is  now  about  nine  feet  above  the  sea,  the  lowest  of  these  upright 
trees  imply  that  the  region  where  they  grew  has  sunk  down  about  nine  feet  below  the 
sea-level.    The  exposure  also  in  the  vertical  banks  of  the  Mississippi  at  low  water«  for 
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hundreds  of  miles  above  the  head  of  the  delta,  of  the  stumps  of  trees  buried  i^th 
their  roots  in  their  natural  position,  three  tiers  being  occaaionallf  seen  one  above  the 
other,  shows  that  the  river  in  its  wanderings  has  opened  a  channel  throu^  ancient 
morasses,  where  trees  once  grew,  and  where  alluvial  matter  gradually  accumulated. 
The  old  deserted  bed  also  of  the  river,  with  its  banks  raised  fifteen  feet  above  the 
adjoining  low  ground,  bears  testimony  to  the  frequent  shifting  of  the  place  of  the 
main  stream,  and  the  like  inference  may  be  drawn  from  the  occurrence  here  and 
there  of  crescent-shaped  lakes,  each  many  miles  in  length,  and  half  a  mile  or  more 
in  breadth,  which  have  once  constituted  great  curves  or  bends  of  the  river,  but  are 
now  often  far  distant  from  it. 

The  Mississippi,  by  the  constant  undermining  of  its  banks,  checks  the  rise  of  large 
commercial  towns  on  its  borders,  and  causes  a  singular  contrast  between  the  wealth 
and  splendour  of  800  or  more  fine  steamers,  some  of  which  may  truly  be  called 
floating  palaces,  and  the  fiat  monotonous  wilderness  of  uncleared  land  which  ex- 
tends for  hundreds  of  miles  on  both  sides  of  the  great  navigable  stream. 

Mr.  Lyell  visited,  in  March  1846,  the  region  shaken  for  three  months,  in  1811-12, 
by  the  earthquake  of  New  Madrid.  One  portion  of  it,  situated  in  the  States  of  Mis- 
souri and  Arkansas,  is  now  called  **  the  sunk  country.'*  It  extends  about  seventy 
nules  north  and  south,  and  thirty  east  and  west,  and  is  for  the  most  part  submerged. 
Many  dead  trees  are  still  standing  erect  in  the  swamps ;  a  far  greater  number  lie 
prostrate.  Even  on  the  dry  ground  in  the  vicinity,  all  the  forest  trees  which  are  of 
prior  date  to  181 1  are  leafless ;  they  are  supposed  to  have  been  killed  by  the  loosening 
of  their  roots  by  the  repeated  shocks  of  1811-12.  Numerous  rents  ar6  also  observa- 
ble in  the  ground  where  it  opened  in  1811,  and  manv  sink-holes  or  cavities,  fVom  ten 
to  thirty  yards  wide  and  twenty  feet  or  more  in  depth,  now  interrupt  the  general  level 
of  the  plain,  which  were  formed  by  the  spouting  out  of  large  quantities  of  sand  and 
mud  during  the  earthquake. 

In  attempting  to  compute  the  minimum  of  time  required  for  the  accumulation  of 
the  alluvial  matter  in  the  delta  and  valley  of  the  Mississippi,  Mr.  Lyell  referred  to  a 
series  of  experiments  made  by  Dr.  Riddell  at  New  Orleans,  showing  that  the  mean 
flumual  proportion  of  sediment  in  the  river  was  to  the  water  ^ ^Vs  ii^  Weight,  or  abont 
y^^  in  volume.  From  the  observations  of  the  same  gentleman  and  those  of  Dr. 
Carpenter,  and  of  Mr.  Forshey,  an  eminent  engineer  of  Louisiana,  the  average  width. 
depth  and  velocity  of  the  Mississippi,  and  thence  the  mean  annual  discharge  of  water 
are  deduced. 

In  assuming  628  feet  (or  the  teilth  of  a  mile)  as  the  probable  thickn^sB  of  the  de- 
posit of  mud  and  sand  in  the  delta,  Mr.  Lyell  founds  his  conjecture  on  the  depth  of 
the  Gulf  of  Mexico,  between  the  southern  point  of  Florida  and  the  Balize,  whidi 
equals  on  an  average  100  fathoms.  The  area  of  the  delta  being  about  14,CXX)  square 
statute  miles,  and  the  quantity  of  solid  matter  annually  brought  down  by  the  river 
3,702,758,400  cubic  feet,  it  must  have  taken  67,000  years  for  the  formation  of  the 
whole ;  and  if  the  alluvial  matter  of  the  plain  above  be  264  feet  deep,  or  half  that  of 
the  delta,  it  has  required  33,600  more  years  for  its  accumulation,  even  if  its  area  be 
estimated  as  only  equal  to  that  of  the  deltft.  Whereas  it  is  in  fact  larger.  If  some 
deduction  be  made  fh)m  the  time  here  stated,  in  consequence  of  the  eficct  of  drift- 
wood>  which  must  have  aided  in  filling  up  more  rapidly  the  space  above  alluded  tO| 
a  fat*  more  important  allowance  must  be  made  on  the  other  hand  for  the  loaa  of  mat- 
ter owing  to  the  finer  particles  of  mud  not  settling  at  the  mouth  of  the  river,  but  beuif; 
swept  out  far  to  sea,  and  even  conveyed  into  the  Atlantic  by  the  gulf-streatn.  Yet 
the  whole  period  during  which  the  Mississippi  has  transported  its  earthy  burthen 
to  the  ocean,  though  perhaps  far  exceeding  100,000  years,  must  be  insignificant  in  a 
geological  point  of  view,  since  the  bluffs  or  clifts  bounding  the  great  valley  (and  there- 
fore older  in  date),  and  which  are  from  50  to  250  feet  in  perpendicular  height,  con- 
sist in  great  part  of  Ibam,  containing  land,  fluviatile  abd  lacustrine  shells  of  species 
still  inhabiting  the  same  country.  These  fossil  shells,  occurring  in  a  deposit  re- 
sembling the  loess  of  the  Rhine,  are  associated  with  the  bones  of  the  mastodon,  ele- 
phant, tapir,  mylodon,  and  other  megatheroid  animals  \  also  a  species  of  horse,  ox, 
and  other  mammalia,  most  of  them  of  extinct  species.  The  lon'm  rests  at  Vicksburg 
and  other  places  on  eocene  or  lower  tertiary  strata.  Which  in  their  turn  repose  on 
cretaceous  rocks»    A  section  from  Vicksbut^  to  Darier,  thi'ough  the  States  of  Mis- 
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sissippi,  Alabama  and  Georgia,  exhibits  this  superposition  as  well  as  that  of  the  ere- 
taceoas  strata  on  carboniferous  rocks  at  Tuscaloosa.  Mr.  Lyell  ascertained  that  the 
huge  fossil  cetacean,  named  Zeuglodon  by  Owen,  is  confined  to  the  eocene  deposits. 
In  the  cretaceous  strata  the  remains  of  the  mosasaurus  and  other  reptiles  occur 
without  anv  cetacea.  The  coal-fields  of  Alabama  were  next  alluded  to,  from  which 
fossil  plants  have  been  procured  by  Professor  Brumby  and  Mr.  Lyell,  of  the  genera 
Sphenopteris,  Neuropteris,  Calamites,  Lepidodendron,  Sigillaria,  Stigmaria  and 
others,  most  of  them  identical  in  apeciea,  as  determined  by  Mr.  Charles  Bunbury,  with 
fossils  of  Northumberland.  This  fact  is  the  more  worthy  of  notice,  because  the 
coal  of  Tuscaloosa,  situated  in  latitude  33^  10'  north,  is  further  south  than  any  region 
in  which  this  ancient  fossil  flora  had  previously  been  studied,  whether  in  Europe  or 
North  America ;  and  it  affords  therefore  a  new  proof  of  the  wide  extension  of  a  uni- 
form flora  in  the  carboniferous  epoch.  Mr.  Lyell,  adverting  to  the  opinion  recently 
adopted  by  several  able  botanists,  that  the  climate  of  the  coal  period  was  remarka- 
ble for  its  moisture,  equability  and  freedom  from  cold,  rather  than  the  intensity  of 
its  tropical  heat,  stated  that  this  conclusion,  as  well  as  the  oscillationa  of  tempera- 
ture implied  by  the  glacial  period,  is  confirmatory  of  the  theory  first  advanced  by 
him  in  1830,  to  explain  the  ancient  geological  changes  of  climate  by  geographical  re- 
volutions in  the  position  of  land  and  sea. 

The  lapse  of  ages  implied  by  the  distinctness  of  the  fossils  of  the  eocene,  creta- 
ceous, carboniferous  and  other  strata,  is  such,  that  were  we  to  endeavour  to  give  an 
idea  of  it,  we  must  estimate  its  duration,  not  by  years,  as  in  the  case  of  the  delta, 
but  by  such  units  as  would  be  constituted  by  the  interval  between  the  beginning  of 
the  delta  and  our  own  times. 

"  It  is  now  fifty  years,"  said  Mr.  Lyell,  "  since  Playfair,  after  studying  the  rocks 
in  the  neighbourhood  of  Edinburgh,  in  company  with  Dr.  Hutton  and  Sir  James 
Hall,  was  so  struck  with  the  evidence  they  afforded  of  the  immensity  of  past  time, 
that  he  observed  '  how  much  farther  reason  may  go  than  imagination  can  venture 
to  follow/    These  views  were  common  to  the  most  illustrious  of  his  contemporaries, 
and  since  that  time  have  been  adopted  by  all  geologists,  whether  their  minds  have 
been  formed  by  the  literature  of  France  or  of  Germany,  of  Italy  or  Scandinavia,  or 
of  England ;  all  have  arrived  at  the  same  conclusion  respecting  the  great  antiquity 
of  the  globe,  and  that  too  in  opposition  to  their  earlier  prepossessions,  and'  to  the 
popular  belief  of  their  age.    It  must  be  confessed,  that  while  this  unanimity  is  satis- 
factory as  a  remarkable  test  of  truth,  it  is  somewhat  melancholy  to  reflect  that  at  the 
end  of  half  a  century,  when  so  many  millions  have  passed  through  our  schools  and 
colleges  since  Playfair  wrote  that  eloquent  passage,  there  is  still  so  great  a  discord- 
ance between  the  opinions  of  scientific  men  and  the  great  mass  of  the  community. 
Had  there  been  annual  gatherings  such  as  this,  where  they  who  are  entitled  to  speak 
with  authority  address  themselves  to.  a  numerous  assembly  drawn  from  the  higher 
classes  of  society,  who,  by  their  cultivation  and  influence,  must  direct  the  education 
and  form  the  opinions  of  the  many  of  humbler  station,  it  is  impossible  that  so  un- 
desirable and  unsound  a  state  of  things  should  have  now  prevailed,  as  that  there 
should  be  one  creed  for  the  philosopher  and  another  for  the  multitude.     Had  there 
been  meetings  like  this,  even  for  a  quarter  of  a  century,  we  should  already  have 
gained  for  geology  the  same  victory  that  has  been  so  triumphantly  won  by  the  astro- 
nomer.    The  earth's  antiquity,  together  with  the  history  of  successive  races  of  orga- 
nic beings,  would  have  been  ere  this  as  cheerfully  and  universally  acknowledged  as 
the  earth's  motion,  or  the  number,  magnitude  and  relative  distances  of  the  heavenly 
bodies.     I  am  sure  it  would  be  superfluous  if  I  were  to  declare,  in  an  assembly  like 
this,  my  deep  conviction,  which  all  of  you  share,  that  the  further  we  extend  our  re* 
searches  into  the  wonders  of  creation  in  time  and  space,  the  more  do  we  exalt,  refine 
and  elevate  our  conceptions  of  the  Divine  Artificer  of  the  universe." 

Mr.  Lyell  concluded  this  discourse  by  announcing  his  corroboration  of  the  dis- 
covery recently  made  by  Dr.  King  at  Greensburg,  thirty  miles  from  Pittsburg  in 
Pennsylvania,  of  the  occurrence  of  fossil  foot-prints  of  a  large  reptilian  in  the  mid- 
dle of  the  ancient  coal  measures.  They  project  in  relief  from  the  lower  surface  of 
slabs  of  sandstone,  and  are  also  found  impressed  on  the  subjacent  layers  of  fine 
unctuous  clay.  This  is  the  first  well-established  example  of  a  vertebrated  animal, 
more  highly  organized  than  fishes,  being  met  with  in  a  stratum  of  such  high  an* 
tiquity. 
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Brisbane's  observatory,  32. 

Magnets,  on  the  process  of  mannfiu:ture  to 
produce,  having  the  greatest  fizity  and  ca- 
pacity conjointly  secured,  33. 

Mammalia  of  South  America,  on  some  fossil, 
65. 

Manchester  police,  criminal  and  miscellaneous 
stetistical  returns  of  the,  for  the  year  1845, 
98. 

Manures,  on  certain  principles  which  obtain 
in  the  application  of,  44. 

Marine  zoology  of  Cornwall,  on  the,  86. 

Mathematics,  1. 

Matter,  on  the  constitution  and  forces  of  mo- 
lecules of,  35. 

Matteucci  (Prof.)  summary  of  researches  in 
electro-physiology,  28. 

■  on  the  electrization  of  needles  in  differ- 
ent media,  46. 

Mayes  (William),  abstracts  of  meteorological 
observations  made  at  Aden  in  1 845,  26. 

— ^,  meteorolo^cal  observations  taken  at 
Fort  George  Barracks,  Bombay,  in  1845, 
26. 

M* Andrew  (Mr.),  Ftoi.  Bell  on  the  Crustacea 
found  by,  in  cruising  round  the  coastf  80. 


Mechanical  Science,  105. 

Medical  Science,  92. 

Medusae  of  the  British  seas,  on  the  palmo- 
grade,  84. 

Memphis,  on  the  figures  of  birds  observed  on 
a  tomb  at,  79. 

Men,  on  the  three  races  of,  inhabiting  the  is- 
lands of  the  Indian  and  Pacific  oceans,  114. 

Menai  bridge,  on  increasing  to  larger  dimen- 
sions the  model  tubes  for  the  proposed,  109. 

Menai  straits,  on  the  tubular  bridge  proposed 
by  Mr.  Stephenson  for  crossing  the,  108. 

Mercury,  on  the  changes  which  it  undergoes 
in  glass  vessels  hermetically  sealed,  37. 

Metal,  on  a  second  new,  contained  in  the  Ba- 
varian tantalite,  37. 

Meteorological  observations,  on  the  Kew,  10. 

— —  made  at  Alten,  at  the  KaaQord  Obser- 
vatory, in  1844  and  1845,  12. 

at  Christiana,  in  1845,  12. 

■■       at  St  Helier,  Jersey,  in  the  yean  1843 
to  1846,  13. 

at  Fort  George  Barracks,  Bombay,  ia 

1845,  26. 

at  Aden  in  1845,  abstracts  of,  26. 


Meteorological  phenomena,  on  snme,  1 1. 

Middendorff  (Prof.  Von.)  on  certain  races  of 
Siberia,  115. 

Miller  (J.  F.)  on  the  fall  of  rain  in  the  lake 
districts  of  Cumberland  and  Westmoreland, 
&c.  in  the  year  1845,  18. 

,  readings  of  mountain  rain  gauges,  in 
June,  July  and  August,  1846,  21. 

Mineral  beds,  on  the  applicability  of  M.  Fau- 
velle's  mode  to  sinkings  for,  56. 

Mines  and  mining  industry  of  Belgium,  101. 

Mississippi,  on  the  delta  and  alluvial  depodts 
of  the,  117. 

MoUttsca  of  the  Isle  of  Wight,  on  the  land,  83. 
,  on  some  new  and  rare  Britiah  spedea 
of  naked,  83. 

Mollusks,  on  the  dissimilarity  in  the  caldfy- 
ing  functions  of,  82. 

Moon,  on  attempts  to  explain  the  apparent 
projection  of  a  star  on  the,  5. 

Morriss-Stirling  (T.  D.)  on  proposed  substi- 
tutes for  the  potato,  90. 

Mortality,  on  the  statistics  of,  in  the  city  of 
York,  104. 

Murchison  (Sir  R.  I.)  letter  to,  from  the  Hon. 
F.  Strangways  on  the  natural  peculiarities 
of  the  mountain  now  called  the  Louisen- 
berg, 91. 

Mushet  band,  on  the,  62. 

Myliobatus,  on  the  egg-purse  and  embryo  of 
a  species  of,  80. 

Natatores,  78. 

Natural  history  observations  made  since  last 
meeting  bearing  upon  geology,  notices  of, 
69. 

Needles,  electrization  o^  in  different  media, 
46. 

Neeld  (Mr.)  criminal  and  miscellaneous  sta- 
tistical returns  of  the  Manchester  police  far 
theyear]845>98. 
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Nelson  (F.  O.  P.),  statistics  of  crime  in  Eng- 
land and  Wales,  for  the  yean  1842,  1843, 
and  1844,  102. 

Nekrasowzers  of  Bessarabia,  on  the,  115. 

Nemalite,  analysis  of  the  American  mineral, 
39. 

Nesodon,  new  species,  66. 

Newfoundland,  on  the  aborigines  of,  114. 
,  on  a  Tocabulary  of  the  Bethuck  Indians 
of,  115. 

Northumberland,  on  some  new  species  of  ani- 
mals found  on  the  coast  of,  83. 

Northwich  salt-field,  on  the  extent  of  the,  62. 

Oersted  (Prof.)  on  the  deviation  of  foiling 
bodies  from  the  perpendicular,  in  a  letter 
to  Sir  John  Herschel,  Bart.,  2. 

■  on  the  changes  which  mercury  some- 
times suffers  in  glass  vessels  hermetically 
sealed,  37. 

Oolitic  formations  on  the  Great  Western  Rail- 
way, on  three  sections  of  the,  at  the  west 
end  of  Sapperton  tunnel,  61. 

Ormerod  (G.  Wareing)  on  the  extent  of  the 
Northwich  salt-field,  62. 

Osbom  (Henry)  on  the  presence  of  atmo- 
spheric air,  uncombined  chlorine,  and  car- 
bonic acid  found  in  the  water  of  some  of 
the  wells  in  the  suburbs  of  Southampton, 
and  their  action  on  lead,  42. 

Owen  (Prof.)  on  some  fossil  Mammalia  of 
South  America,  65. 

Oxford  University  statistics,  99. 

Paraselene  at  Huggate,  on  a,  15. 

Paris,  comparison  of  the  periods  of  the  flower- 
ing of  plants  in  the  early  spring  of  1846,  in 
the  Botanic  Gardens  of  Belfast,  and  the 
Jardin  des  Plantes  at,  90. 

Pastures,  on  the  fairy  rings  of,  43. 

Patterson  (R.)  on  specimens  of  Ascidians  dis- 
covered in  the  links  of  the  chain  of  the 
floating  bridge  at  Itchin,  near  Southamp- 
ton, 83. 

Peach  (C.  W.)  on  the  marine  zoology  of 
Cornwall,  86. 

Pelopium,  on  a  second  new  metal  contained 
in  the  Bavarian  tantalite,  37. 

Percy  (Dr.  John)  on  a  gas  furnace  for  orga- 
nic analysis,  49. 

Perpendicular,  on  the  deriation  of  falling 
bodies  from  the,  2. 

Petrie  (W.)  on  the  results  of  an  extensive 
series  of  magnetic  investigations,  including 
most  of  the  known  varieties  of  steel,  33. 

Philology,  on  the  present  state  of  ethnologi- 
cal, 115. 

Phipps  (Dr.  J.)  on  the  sailing  powers  of  two 
yachts,  built  on  the  wave  principle,  112. 

Photographic  self-registering  apparatus  at 
Kew,  account  of  the,  10. 

Photography,  on  representing  natural  history 
objects  by  means  of,  82. 

Phyllanthus,  on  the  foliage  and  inflorescence 
of  the  genus,  91. 

Physico-geographical  survey  of  the  British 


islands,  particularly  in  relation  to  agricul- 
ture, 72, 

Physics,  1. 

Polarization  of  light  by  reflexion,  on  certain 
cases  of  elliptic,  3. 
,  elliptic,  5. 

Poor  law,  on  the  medical  relief  to  the  paro- 
chial poor  of  Scotiand  under  the  old,  97. 

Portlock  (Captain)  on  the  natural  histdry  of 
Corfu,  84. 

Potash,  chrysammate  o^  on  a  new  property  d 
light  exhibited  in  the  action  of,  u)>on  com- 
mon and  polarized  light,  7. 

Potato,  on  the  application  of  the  principles  of  a 
natural  system  of  organic  chemistry  to  the 
explanation  of  the  phenomena  occurring 
in  the  diseased  tuber,  44. 

,  on  the  means  of  obviating  the  ravages 
of  the  disease  in  the,  89. 

,  on  proposed  substitutes  for  the,  90. 

Powell  (Rev.  Prof.)  on  certain  cases  of  ellip- 
tical polarization  of  light  by  reflexion,  3. 

on  the  bands  formed  by  partial  inter- 
ception of  the  prismatic  spectrum,  4. 

— ■—  on  attempts  to  explain  the  apparent 
projection  of  a  star  on  the  moon,  5. 

Plants,  comparison  of  the  periods  of  the  flow- 
ering of,  in  the  spring  of  1846,  in  the  Bo- 
tanic Garden  of  Belfast,  and  the  Jardin  des 
Plantes  at  Paris,  90. 

Platlna,  on  the  influence  which  finely  divided, 
exerts  on  the  electrodes  of  a  voltameteri 
46. 

Playfair  (Dr.  Lyon)  on  the  expansion  of  saltSf 
49. 

Plumb-line,  on  certain  deviations  of  the,  from 
its  mean  direction,  in  the  neighbourhood  of 
Shanklin  Down,  Isle  of  Wight,  59. 

Prestwich  (Joseph,  Jun.)  on  the  occurrence  of 
Cypris  in  a  part  of  the  tertiary  freshwater 
strata  of  the  Isle  of  Wight,  56. 

Price  (John)  on  the  embryogeny  of  Pulmo* 
grades  and  Ciliogrades,  86. 

— *—  on  the  quasi-osseous  system  of  Acale- 
phse,  87. 

Prideaux  (J.)  on  the  extent,  [causes  and  re- 
medies of  fungi  destructive  in  agriculture, 
44. 

Princes'  Island,  on  the  inhabitants  of,  1 17. 

Propulsion,  on  applying  atmospheric  air  to, 
113. 

Prussiates,  on  the  difference  in  the  physio- 
logical actions  of  the  yellow  and  red,  as  an 
evidence  of  their  containing  dissimilar  ra- 
dicals, 41. 

Psychrometer,  on  a  self-registering,  17. 

Pulmogrades,  on  the  embryogeny  of,  86. 

Pycnogonidese,  on  the  structure  of  the,  82. 

Radicals,  on  the  difference  in  the  physiologi- 
cal actions  of  the  yellow  and  red  prussiates 
as  an  evidence  of  their  containing  dissimi- 
lar, 41. 

Railway  sections  made  on  the  line  of  the 
Great  Western  Railway  between  Bristol 
and  Taunton,  59. 


ISO 


INDEX  II. 


Railway  trains,  on  the  law  which  governs  the 
resistance  to  motion  of,  at  high  velocities, 
109. 

— ,  on  a  machine  for  registering  the  velo- 
city of,  114. 

Rain,  on  the  fall  of,  in  the  lake  districts  of 
Cumberland  and  Westmoreland,  in  1845, 
18. 

■  ,  readings  of  mountain  gauges  in  June, 
July  and  August,  1846,  21. 

,  on  the  fall  of,  on  the  coast  of  Travan* 
core  and  table  land  of  Uttree,  28. 

Rankin  (Rev.  T.)  on  a  halo,  paraselene,  and 
Aurora  Borealis,  seen  at  Huggate,  in  York- 
shire, 15. 

—  on  the  hybernation  of  snails,  83. 

Raptores,  77. 

Rasores,  78. 

Reade  (Dr.  J.)  experiments  in  thermo-elec- 
tricity, 46. 

Reeve  (Lovell)  on  the  dissimilarity  in  the 
calcifying  functions  of  MoUusks,  whose  or- 
ganisation is  in  other  respects  similar,  82. 

Retzius  (ProC)  on  the  ethnographical  distri- 
bution of  round  and  elongated  crania,  116. 

Ricardo  (M.)  on  a  machine  for  registering  the 
velocity  of  railway  trains,  114. 

Robinson  (Rev.  Dr.)  on  the  influence  which 
finely  divided  platina  exerts  on  the  elec- 
trodes of  a  voltameter,  46. 

,  modification  of  Dr.  W  he  well's  anemo- 
meter for  measuring  the  velocity  of  the 
wind.  111. 

Rocks,  tertiary,  in  the  islands  stretching  firom 
Java  to  Timor,  67. 

Ronalds  (F.)  on  the  meteorological  observa- 
tions at  Kew,  with  an  account  of  the  pho- 
tographic self-registering  apparatus,  10. 

Rose  (Prof.  H.)  on  a  second  new  metal,  Pelo- 
pium,  contained  in  the  Bavarian  tantalite, 
37. 

Royle  (Prof.)  on  the  geographical  distribution 
of  the  flora  of  India,  with  remarks  on  the 
vegetation  of  its  lakes,  74. 

Russell  (Scott)  on  the  law  which  governs  the 
resistance  to  motion  of  railway  trains  at  high 
velocities,  109* 

Salmonidse,  on  the  natural  and  economic  hi- 
story of  certain  species  of  the,  79.  - 

Salt,  on  the  applicability  of  M.  Fauvelle*s  mode 
to  sinkings  for,  56. 

»       ,  on  the  extent  of  the  Northwich  field,  62. 

Salter  (Dr.  Bell),  directions  for  the  guidance 
of  botanists  in  their  excursion  to  the  Isle  of 
Wight,  and  list  of  flowering  plants  of  in- 
terest in  various  parts  of  the  island,  86. 

■  on  the  true  nature  of  the  tendril  in  the 
cucumber,  88. 

Salts,  on  the  expansion  o^  49. 

Sandert  (W.)  on  railway  sections  made  on  the 
line  of  the  Great  Western  Railway,  between 
Bristol  and  Taunton,  59. 

Sapperton  tunnel,  on  three  sections  of  the 
oolitic  formation  on  the  Great  Western  Rail- 
way, at  the  west  end  of,  61. 


Scoresby  (Rev.  W.)  on  the  mode  of  develop- 
ing the  magnetic  condition,  35. 

Scotland,  on  the  black-band  ironstone  of  the 
coal-£eld  of,  62. 

,  on  the  medical  relief  to  the  parochial 

poor  of,  under  the  poor  law  of,  97. 

Searie  (Dr.)  on  the  cause  of  the  blood's  cir- 
culation through  the  liver,  93. 

Sea-water,  and  the  effects  of  viuriation  in  its 
currents,  51. 

Sensation,  on  the  relation  of,  to  tha  highor 
mental  processes,  98. 

Sharp  (J.)  on  the  comparative  value  of  the 
different  kinds  of  gas  meters  now  in  Qsey 
114. 

Shea  Butter-tree  growing  in  Africa,  on  the,  90. 

Shells,  on  the  microscopic  character  off  Si. 

Short  (Mrs.)  on  the  natives  of  Timor  and 
Macassar,  115. 

on  the  inhabitants  of  Port  Eisinglony 

117. 

Shortrede  (Capt)  on  the  force  of  vapour,  16. 

Siberia,  on  certain  races  of,  115. 

Sickness,  on  the  statisties  of,  in  the  city  of 
York,  104. 

Sierra  Leone,  on  the  crania  of  two  speciea  of 
crocodile  from,  79. 

Silesia,  on  the  origin  of  the  coal  of,  50. 

Silk,  on  the  cultivation  of  it  in  En^and;  87. 

Silurian  limestone  of  Hay  Head,  on  the  age 
of  the,  61. 

Silurian  strata,  on  the  discovery  of  a  aew  spe- 
cies of  hypanthoerinite  in  the  upper,  61. 

Snails,  on  the  hybernation  of,  83. 

Solar  eye-piece,  on  the  arrangement  of  a,  9. 

Southampton,  on  the  presence  of  atmoapheric 
air,  uncombined  chlorine,  and  carbonic  add 
in  the  water  of  some  of  the  wells  in  the 
suburbs  of,  and  their  action  on  lead,  48* 

,  on  the  Ajrtesian  well  on  the  common  at, 

52. 

,  on  the  applicability  of  M.  Fauvelle's 

mode  of  boring  Artesian  wells  to  the  weil 
at,  56. 

Spectrum,  on  the  bands  formed  by  partial  in- 
terception of  the  prismatic,  4. 

Spooner  (William  Charles)  on  certain  prin- 
ciples which  obtain  in  the  applicatioa  of 
manures,  44. 

Springs,  on  a  new  method  of  boring  for  Arte- 
sian, 105. 

Star,  on  attempts  to  explain  the  apparent  fro- 
jection  of  a,  on  the  moon,  5« 

Statistics,  94. 

Steam  boilers,  on  pnventing  inenistatiDB  of, 
114. 

Steam-engine,  on  long  and  short  stroked,  113. 
,  on  a  vertical,  113. 

Steel,  on  the  physical  properties  which  it 
should  possess  in  the  manufiictnie  of  nag- 
nets,  34. 

Stephenson's  (Mr.)  tubular  bridge  piopooed 
for  crossing  the  Menai  Straits,  E.  Hodg- 
kinson  on  the,  108. 

St  Helier,  Jersey,  meteorological  observations 
made  al,  in  the  years  1843  to  1846,  IS. 
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Strangways  (Hon.  F.)  on  the  natural  pecu- 
liarities of  the  mountain  now  called  the 
LouiMnberg,  in  a  letter  to  Sir  R.  I.  \.ur- 
chison,  91. 

Strata  of  the  Isle  of  Wight,  on  the  occurrence 
of  Cypris  in  a  part  of  the  tertiary  fresh- 
water, 56. 

»  on  the  arrangement  and  nomenclature 
of  some  of  the  subcretaceous,  58. 

Svanberg  (Prof.  A.  F.)  on  a  new  multiplying 
condenser,  31. 

Sykes  (Lt-Col.)  on  the  fall  of  rain  on  the 
coast  of  Travancore  and  table  land  of  Ut- 
tree,  22. 

—  statistics  of  civil  justice  in  India  for  four 
years,  from  1 841  to  1844,  both  inclusive,  94. 

—  statistics  of  the  government  charitable 
dispensaries  of  India,  96. 

Tantalite,  on  a  second  new  metal,  Pelopium, 

contained  in  the  Bavarian,  37. 
Tasmanians,  on  the,  117. 
Taunton  and  Bristol;  on  railway  sections  made 

on  the  line  of  the  Great  Western  Railway 

between,  59. 
Telescopes,  on  a  portable  equatorial  stand  for, 

without  polar  axis,  8. 
— ,  on  an  easy  method  of  contractiog  the 

aperture  of  large,  9. 
Terrestres  (Birds),  77. 
Texas,  on  the  Indian  tribes  of,  117. 
Thermo-electricity,  experiments  in,  46. 
Thermometer,  on  a  self-registering,  17. 
Thibert  (Dr.)  on  the  application  of  his  method 

to  modelling  and  colouring  after  nature  all 

kinds  of  fishes,  80. 
Thompson  (W.)  on  the  crania  of  two  vpodts 

of  crocodile  from  Sierra  Leone,  79. 

■  additions  to  the  Fauna  of  Ireland,  in- 
cluding species  new  to  that  of  Britain,  83. 

"  on  the  land  moUusca,  zoophytes  and 
algB  of  the  Isle  of  Wight,  83. 

■  »  aoology  of  Lough  Neagh,  compared 
with  that  of  the  Lake  of  Geneva,  84. 

—  on  additions  to  the  flora  of  Ireland,  90. 

— ,  comparison  of  the  periods  of  the  flower- 
ing of  plants  in  the  early  spring  of  1846,  in 
the  Botanic  Garden,  Belfast,  and  the  Jardin 
des  Plantes  at  Paris,  90. 

Thomson  (Dr.  R.  D.)  on  an  important  chemi- 
cal law  in  the  nutrition  of  animals,  41. 

Timor,  ou  some  tertiary  rocks  in  the  islands 
stretching  from  Java  to,  67. 

— ,  on  the  natives  of,  115. 

Tobacco,  on  some  diseases  resulting  from  the 
immoderate  use  of,  94. 

Towler  (G.),  magnetic  causation,  33. 

Toxodon,  new  species,  65. 

Travancore,  fall  of  rain  on  the  coast  of,  22. 

Twining  (Dr.)  on  the  Nekrasowzers  of  Bessa- 
rabia, 1 15. 

Uteri,  on  a  peculiar  form  of  ulceration  of  the 
cervix,  94. 


ITttree,  fall  of  rain  on  the  table  land  of,  22. 

Valpy  (R.)  on  the  mines  and  mining  industry 

of  Belgium,  101. 
Vapour,  on  the  force  of,  16. 
Volcanoes,  new  fiicts  bearing  on  the  chemical 

theory  of,  45. 
Voltaic  battery,  on  the  electricity  of  tension 

in  the,  47* 
Voltameter,  influence   which  finely  divided 
platina  exerts  on  the  electrodes  of  a,  46. 

Wales,  statistics  of  crime  in,  for  the  years 
1842, 1843,  and  1844,102. 

Wartmann  (Prof.)  on  some  meteorological 
phenomena,  11. 

on  electro-magnetism,  27* 

Water,  on  the  decomposition  of,  into  its  con- 
stituent gases  by  heat,  48. 

Wave  principle,  on  the  sailing  powers  of  two 
yachts  built  on  the,  112. 

Waves,  atmospheric,  35. 

Way  (Prof.  J.  T.)  on  the  &iry  rings  of  pas- 
tures, 43. 

Well,  on  the  Artesian,  on  Southampton  com* 
mon,  52. 

,  on  the  applicability  of  M.  Fauvelle's 
mode  of  boring  Artesian  and  others,  56. 

Westmoreland,  on  the  fall  of  rain  in  the  lake 
districts  of,  in  1845,  18. 

West  (W.)  on  the  use  of  stating,  with  the  re- 
sults of  analyses,  the  nature  of  the  methods 
employed,  42. 

Whewell  (Rev.  W.)  on  measuring  the  height 
of  clouds,  15. 

,  modification  of  his  anemometer  for  mea- 
suring the  velocity  of  the  wind.  111. 

Whitby  (Mrs.)  on  the  cultivation  of  silk  in 
England,  87. 

Wigglesworth  (Mr.)  on  the  mortality  of  chil- 
dren, 100. 

Wilson  (Dr.  George)  on  the  extent  to  which 
fluoride  of  caldum  is  soluble  in  water  at 
60^  F.,  38. 

Wind,  modiflcation  of  Dr.  Whewell's  anemo- 
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PROCEEDINGS  of  the  FIRST  and  SECOND  MEETINGS,  at  York 
and  Oxford,  1831  and  18S2,  lOs. 

Content^  : — ^Prof.  Airy,  on  the  Progress  of  Astronomy ;— J.  W.  Lubbock,  Esq.,  on  the 
Tides  ; — Prof.  Forbes,  on  the  Present  State  of  Meteorology  ; — Prof.  Powell,  on  the  Present 
Slate  of  the  Science  of  Radiant  Heat ; — Prof.  Cumming,  on  Tliermo-Electricity ; — Sir  Darid 
Brewster,  on  the  Progress  of  Optics ; — Rev.  W.  Whewell,  on  the  Present  State  of  Mineralogy ; 
—Rev.  W.  D.  Conybeare,  on  the  Recent  Progress  and  Present  State  of  Geology  ;— Dr.  Pri- 
chard's  Review  of  Philological  and  Physical  Researches. 

Together  with  Papers  on  Mathematics,  Optics,  Acoustics,  Magnetism,  Electricity,  Chemistry, 
Meteorology,  Geography,  Geology,  Zoology,  Anatomy,  Physiology,  Botany,  and  the  Arts ; 
and  an  Exposition  of  the  Objects  and  Plan  of  the  Association,  &c. 

PROCEEDINGS  of  the  THIRD  MEETING  at  Cambridge,  1833,  8«. 

Contents  : — Proceedings  of  the  Meeting ; — Mr.  John  Taylor,  on  Mineral  Veins ; — ^Dr. 
Lindley,  on  the  Philosophy  of  Botany  ; — Dr.  Henry,  on  the  Physiology  of  the  Nervous  Sy- 
stem;— Mr.  Peter  Barlow,  on  the  Strength  of  Materials; — Mr.  S.  H.Christie,  on  the  Magnet- 
ism of  the  Earth ; — Rev.  J.  Challis,  on  the  Analytical  Theory  of  Hydrostatics  and  Hydrody- 
namics;— Mr.  George  Rennie,  on  Hydraulics  as  a  Branch  of  Engineering,  Part  L; — Rev.  6. 
Peacock,  on  certain  Branches  of  Analysis. 

Together  with  papers  on  Mathematics  and  Physics,  Philosophical  Instruments  and  Mecha- 
nical Arts,  Natural  History,  Anatomy,  Physiology,  and  History  of  Science. 

PROCEEDINGS  of  the  FOURTH  MEETING,  at  Edinburgh,  1834^  10». 

Contents: — Mr.  H.  D.  Rogers,  on  the  Geology  of  North  America; — Dr.  C.  Henry,  on 
the  Laws  of  Contagion ; — Prof.  Clark,  on  Animal  Physiology  ; — Rev.  L.  Jenyns,  on  Zoology ; — 
Rev.  J.  Challis,  on  Capillary  Attraction  ; — Prof.  Lloyd,  on  Physical  Optics ; — Mr.  G.  Rennie, 
on  Hydraulics,  Part  IL 

Together  with  the  Transactions  of  the  Sections,  and  Recommendations  of  the  Association 
and  its  Committees. 


PROCEEDINGS  of  the  FIFTH  MEETING,  at  Dublin,  1835,  9». 

Contents  : — Rev.  W«  Whewelli  on  the  Recent  Progress  and  present  Condition  of  the 
Mathematical  Theories  of  Electricity,  Magnetism,  and  Heat ; — M.  A.  Quetelet,  Aper^u  de 
I'Etat  actuel  des  Sciences  Mathematiques  chez  les  Beiges; — Captain  Edward  Sabine,  on  the 
Phsenomena  of  Terrestrial  Magnetism. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Sir  W.  Hamilton's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  op  the  SIXTH  MEETING,  at  Bristol,  1836,  8*. 

CoNTENTi : — Prof.  Daubeny,  on  the  Present  State  of  our  Knowledge  with  respect  to  Mine- 
ral and  Thermal  Waters ; — Major  Edward  Sabine,  on  the  Direction  and  Intensity  of  the  Ter- 
restrial Magnetic  Force  in  Scotland; — Mr.  John  Richardson,  on  North  American  Zoology; — 
Rey.  J.  Challis,  on  the  Mathematical  Theory  of  Fluids; — Mr.  J.  T.  Mackay,  a  Comparative 
View  of  the  more  remarkable  Plants  which  characterize  the  neighbourhood  of  Dublin  and 
Edinburgh,  and  the  South-west  of  Scotland,  &c. ; — Mr.  J.  T.  Mackay,  Comparative  Geogra- 
phical Notices  of  the  more  remarkable  Plants  which  characterise  Scotland  and  Ireland; — Re- 
port of  the  London  Sub-Committee  of  the  Medical  Section  on  the  Motions  and  Sounds  of  the 
Heart ; — Second  Report  of  the  Dublin  Sub-Committee  on  the  Motions  and  Sounds  of  the  Heart ; 
— Report  of  the  Dublin  Committee  on  the  Pathology  of  the  Brain  and  Nervous  System ; — 
J.  W.  Lubbock,  Esq.,  Account  of  the  Recent  Discussions  of  Observations  of  the  Tides ; — Rev. 
Baden  Powell,  on  determining  the  Refractive  Indices  for  the  Standard  Rays  of  the  Solar  Spec- 
trum in  various  media; — Dr.  Hodgkin,  on  the  Communication  between  the  Arteries  and 
Absorbents ; — Prof.  Phillips,  Report  of  Experiments  on  Subterranean  Temperature  ; — Prof. 
Hamilton,  on  the  Validity  of  a  Method  recently  proposed  by  George  B.  Jerrard,  Esq.,  for 
Transforming  and  Resolving  Equations  of  Elevated  Degrees. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Daubeny's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  SEVENTH  MEETING,  at  Liverpool,  1837, 11*. 

Contents  : — Major  Edward  Sabine,  on  the  Variations  of  the  Magnetic  Intensity  observed 
at  different  points  of  the  Earth's  Surface  ; — Rev.  William  Taylor,  on  the  various  modes  of 
Printing  for  the  use  of  the  blind  ; — J.  W.  Lubbock,  Esq.,  on  the  Discussions  of  Observations 
of  the  "Hdes  which  have  been  obtained  by  means  of  the  grant  of  money  which  was  placed  at 
the  disposal  of  the  Author  for  that  purpose  at  the  last  Meeting  of  the  Association ; — Prof. 
Thomas  Thomsorf,  on  the  Difference  between  the  Composition  of  Cast  Iron  produced  by  the 
Cold  and  Hot  Blast ; — Rev.  T.  R.  Robinson,  on  the  Determination  of  the  Constant  of  Nutation 
by  the  Greenwich  Observations,  made  as  commanded  by  the  British  Association ; — Robert 
Were  Fox,  Esq.,  Experiments  on  the  Electricity  of  Metallic  Veins,  and  the  Temperature  of 
Mines; — Provisional  Report  of  the  Committee  of  the  Medical  Section  of  the  British  Associa- 
tion, appointed  to  investigate  the  Composition  of  Secretions,  and  the  organs  producing  them  ; 
— Dr.  O.  O.  Rees,  Report  from  the  Committee  for  inquiring  into  the  Analysis  of  the  Glands, 
&c.  of  the  Human  Body ; — Second  Report  of  the  London  Sub-Committee  of  the  British  Asso- 
ciation Medical  Section,  on  the  Motions  and  Sounds  of  the  Heart; — Prof.  Johnston,  on  the 
Present  State  of  our  knowledge  in  regard  to  Dimorphous  Bodies ;— Col.  Sykes,  on  the  Sta- 
tistics of  the  Four  Collectorates  of  Dukhun,  under  the  British  Government ; — Eaton  Hodgkin- 
son,  Esq.,  on  the  relative  Strength  and  other  Mechanical  Properties  of  Iron  obtained  from  the 
Hot  and  Cold  Blast ; — William  Fairbairn,  Esq.,  on  the  Strength  and  other  Properties  of  Iron 
obtained  from  the  Hot  and  Cold  Blast ; — Sir  John  Robison,  and  John  Scott  Russell,  Esq., 
Report  of  the  Committee  on  Waves,  appointed  by  the  British  Association  at  Bristol  in  1836 ; 
•^Note  by  Major  Sabine,  being  an  Appendix  to  his  Report  on  the  Variations  of  the  Magnetic 
Intensity  observed  at  different  Points  of  the  Earth's  Surface ;— James  Yates,  on  the  Growth 
of  Plants  under  glass,  and  without  any  free  communication  with  the  outward  Air,  on  the  Plan 
of  Mr.  N.  J.  Ward,  of  London. 

Together  with  the  Transactions  of  the  Sections,  Prof.  TrailVs  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  EIGHTH  MEETING,  at  NewcasUe,  1838, 
lOs. 

Contents  :^-Rev.  W.  Whewell,  Account  of  a  Level  Line,  measured  from  the  Bristol  Chan- 
nel to  the  English  Channel,  by  Mr.  Bunt ; — Report  on  the  Discussions  of  Tides,  prepared 
under  the  direction  of  the  Rev.  W.  Whewell; — W.  Snow  Harris,  Esq.,  Account  of  the  Progress 
and  State  of  the  Meteorological  Observations  at  Plymouth  ; — Major  Edward  Sabine,  on  the 
Magnetic  Isoclinal  and  Isodynamic  Lines  in  the  British  Islands; — D.  Lardner,  LL.D.,  on  the 
Determination  of  the  Mean  Numerical  Values  of  Railway  Constants  ; — R.  Mallet,  Esq.,  First 
Report  upon  Experiments  upon  the  Action  of  Sea  and  River  Water  upon  Cast  and  Wrought 


Iron ;— R.  Mallet,  Bsq.,  on  the  Action  of  a  Heat  of  SI 2^  Fahr.^  when  long  oontinu«d»  on  In- 
organic and  Organic  Substances. 

Together  with  the  Transactions  of  the  Sectionsi  Mr.  Murchison's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  NINTH  MEETING,  at  Birmingham,  1839, 9». 

Contents  : — Rev.  Baden  Powell,  Report  on  the  Present  State  of  our  Knowledge  of  Re- 
fractive Indices,  for  the  Standard  Rays  of  the  Solar  Spectrum  in  different  media ; — Report  on 
the  Application  of  the  Sum  assigned  for  Tide  Circulations  to  Mr.  Whewell,  in  a  Letter  from 
T.  G.  Bunt,  Esq. ; — H.  L.  Pattinson,  Esq.,  on  some  galvanic  Experiments  to  determine  the 
Existence  or  Non-Existence  of  Electrical  Currents  among  Stratified  Rocks,  particularly  those 
of  the  Mountain  Limestone  formation,  constituting  the  Lead  Measures  of  Alston  Moor ; — Sir 
David  Brewster,  Reports  respecting  the  two  series  of  Hourly  Meteorological  Observations  kept 
in  Scotland  at  the  expense  of  the  British  Association  ; — Report  on  the  subject  of  a  series  of  Re- 
solutions adopted  by  the  British  Association  at  their  Meeting  in  August  1838,  at  Newcastle ; — 
Richard  Owen,  Esq.,  Report  on  British  Fossil  Reptiles  ; — Edward  Forbes,  Esq.,  Report  on  the 
Distribution  of  pulmoniferous  Mollosca  in  the^Britisb  Isles;— W.  Snow  Harris,  Esq.,  Third 
Report  on  the  Progress  of  the  Hourly  Meteorological  Register  at  the  Plymouth  Dockyard, 
Devonport 

Together  with  the  Transactions  of  the  Sections,  Rev.  W.  Vernon  Harconrt's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TENTH  MEETING,  at  Glasgow,  1840,  10*. 

Contents  : — Rev.  Baden  Powell,  Report  on  the  recent  Progress  of  discovery  relative  to 
Radiant  Heat,  supplementary  to  a  former  Report  on  the  same  subject  inserted  in  the  first  vo- 
lume of  the  Reports  of  the  British  Association  for  the  Advancement  of  Science ; — ^James  D. 
Forbes,  Esq.,  Supplementary  Report  on  Meteorology  ; — W.  Snow  Harris,  Esq.,  Report  on 
Professor  Whewell's  Anemometer,  now  in  operation  at  Plymouth  ; — Report  on  **  The  Motions 
and  Sounds  of  the  Heart,"  by  the  Loudon  Committee  of  the  British  Association,  for  1889-40  ; 
—Professor  SchSnbein,  an  Account  of  Researches  in  Clectro-Chemistry ; — Robert  Mallet, 
Esq.,  Second  Report  upon  the  Action  of  Air  and  Water,  whether  fresh  or  salt,  clear  or  foul, 
and  at  various  temperatures,  upon  Cast  Iron,  Wrought  Iron,  and  Steel ; — Robert  Were  Fox, 
Esq.,  Report  on  some  Observations  on  Subterranean  Temperature  ; — A.  FoUett  Osier,  Esq., 
Report  on  the  Observations  recorded  during  the  years  1837,  1838,  1839  and  1840,  by  the 
Self-registering  Anemometer  erected  at  the  Philosophical  Institution,  Birmingham ; — Sir  David 
Brewster,  Report  respecting  the  two  Series  of  Hourly  Meteorological  Observations  kept  at  In« 
vemess  end  Kingussie,  at  the  expense  of  the  British  Association,  from  Nov.  1st.  1838  to  Nov. 
1st,  1839; — William  Thompson,  Esq.,  Report  on  the  Fauna  of  Island  :  Div.  FerUbrata; — 
Charles  J.  B.  Williams,  M.D.,  Report  of  Experiments  on  the  Physiology  of  the  Lungs  and 
Air-Tubes  ; — Rev.  J.  S.  Henslow,  Report  of  the  Committee  appointed  to  try  Experiments  on 
the  Preservation  of  Animal  and  Vegetable  Substances. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Murchison  andM^or  Edward  Sabine*i 
Address,  and  Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  ELEVENTH  MEETING,  at  Plymouth, 
1841,  9s. 

Contents  :— Rev.  Philip  Kelland,  on  the  Present  State  of  our  Theoretical  and  Ezpcri* 
mental  Knowledge  of  the  Laws  of  Conduction  of  Heat ;-— G.  L.  Roupell,  M.D.,  Report  on 
Poisons ; — Mr.  Bunt,  Report  on  Discussions  of  Bristol  Tides,  under  the  direction  of  the  Rev. 
W.  Whewell ; — D.  Ross,  Report  on  the  Discussions  of  Leith  Tide  Observations,  under  the  di- 
rection of  the  Rev.  W.  Whewell; — W.  S.  Harris,  Esq.,  upon  the  working  of  Whewell's  Ane- 
mometer at  Plymouth  during  the  past  year ; — Report  of  a  Committee  appointed  for  the  par- 
pose  of  superintending  the  scientific  co-operation  of  the  British  Association  in  the  system  of 
Simultaneous  Observations  in  Terrestrial  Magnetism  and  Meteorology; — ^Reports  of  Commit- 
tees appointed  to  provide  Meteorological  Instruments  for  the  use  of  M.  Agaseit  and  Mr. 
M'Cord ; — Report  of  a  Committee  to  superintend  the  reduction  of  Meteorological  Observations  ; 
-—Report  of  a  Committee  for  revising  the  Nomenclature  of  the  Stars ; — Report  of  a  Committee 
for  obtaining  Instruments  and  Registers  to  record  Shocks  of  Earthquakes  in  Scotland  and  Ire- 
land ; — Report  of  a  Committee  for  making  experiments  on  the  Preservation  of  Vegetative 
Powers  in  Seeds; — Dr.  Hodgkin,  on  Inquiries  into  the  Races  of  Man  ; — Report  of  the  Com- 
mittee appointed  to  report  how  far  the  Desiderata  in  our  knowledge  of  the  Condition  of  the 
Upper  Strata  of  the  Atmosphere  may  be  supplied  by  means  of  Ascents  in  Balloons  or  other- 
wise, to  ascertain  the  probable  expense  of  such  Experiments,  and  to  draw  up  Directions  for 
Observers  in  such  circumstances  ; — Richard  Owen,  Esq.,  Report  on  British  Fossil  Reptiles ; — 
Reports  on  the  Determination  of  the  Mean  Value  of  Railway  Constants; — Dionysius  Lardner, 
LL.D.,  Second  and  concluding  Report  on  the  Determination  of  the  Mean  Value  of  Railway 


Coiutantt  {—Edward  Woods,  Report  on  Rmilway  Constant! ;— Report  of  a  Committee  on  the 
Construction  of  a  Constant  Indicator  for  Steam-Engines. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Whewell's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWELFTH  MEETING,  at  Manchester, 
1842,  is. 

Contents  : — Report  of  the  Committee  appointed  to  conduct  the  co-operation  of  the  British 
Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observations ; — 
John  Richardson,  M.D.,  Report  on  the  present  State  of  the  Ichthyology  of  New  Zealand; — 
W.  Snow  Harris,  Report  on  the  Progress  of  Meteorological  Observations  at  Plymouth ; — 
Second  Report  of  a  Committee  appointed  to  make  Experiments  on  the  Growth  and' Vitality  of 
Seeds ; — C.  VignoUes,  Esq.,  Report  of  the  Committee  on  Railway  Sections ; — Report  of  the 
Committee  for  the  {'reservation  of  Animal  and  Vegetable  Substances ; — Lyon  Playiair,  M.D., 
Abstract  of  Professor  Liebig's  Report  on  "  Organic  Chemistry  applied  to  Physiology  and  Pa- 
thology ;" — Richard  Owen,  Esq.,  Report  on  the  British  Fossil  Mammalia,  Part  I. ; — Robert 
Huntt  Researches  on  the  Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of 
Plants ; — Louis  Agassis,  Report  on  the  Fossil  Fishes  of  the  Devonian  System  or  Old  Red  Sand- 
stone;— William  Fairbairn,  Esq.,  Appendix  to  a  Report  on  the  Strength  and  other  Properties 
of  Cast  Iron  obtained  from  the  Hot  and  Cold  Blast ; — David  Milne,  Esq.,  Report  of  the  Com- 
mittee appointed  at  the  Meeting  of  the  British  Association  held  at  Plymouth  in  1841,  for  re- 
gistering Shocks  of  Earthquakes  in  Great  Britain  ; — Report  of  a  Committee  appointed  at  the 
Tenth  Meeting  of  the  Association  for  the  Construction  of  a  Conitant  Indicator  for  Steam-En- 
gines,  and  for  the  determination  of  the  Velocity  of  the  Piston  of  the  Self-acting  Engine  at 
different  periods  of  the  Stroke  ; — J.  S.  Russell,  Report  of  a  Committee  on  the  Form  of  Ships ; 
—Report  of  a  Committee  appointed  "  to  consider  of  the  rules  by  which  the  Nomenclature  of 
Zoology  may  be  established  on  a  uniform  and  permanent  basis'* ; — Report  of  a  Committee  on 
the  Vital  Statistics  of  large  Towns  in  Scotland  ;— Provisional  Reports,  and  Notices  of  Progress 
in  Special  Researches  entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Lord  Francis  Egerton's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  THIRTEENTH  MEETING,  at  Cork, 
184.3,8*. 

Contents  : — Robert  Mallet,  Esq.,  Third  Report  upon  the  Action  of  Air  and  Water, 
whether  fresh  or  salt,  clear  or  foul,  and  of  Various  Temperatures,  upon  Cast  Iron,  Wrought 
Iron  and  Steel ; — Report  of  the  Committee  appointed  to  conduct  the  co-operation  of  the 
British  Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observa- 
tions ; — Sir  J.  F.  W.  Herschel,  Bart.,  Report  of  the  Committee  appointed  for  the  Reduction 
of  Meteorological  Observations : — Report  of  the  Committee  appointed  for  Experiments  on 
Steam-engines ; — Rei^ort  of  the  Committee  appointed  to  continue  their  Experiments  on  the 
Vitality  of  Seeds; — J.  S.  Russell,  Esq.,  Report  of  a  Series  of  Observations  on  the  Tides  of  the 
Frith  of  Forth  and  the  East  Coast  of  Scotland ; — J.  S.  Russell,  Esq.,  Notice  of  a  Report  of  the 
Committee  on  the  Form  of  Ships ; — J.  Blake,  Esq.,  Report  on  the  Physiological  Action  of  Me- 
dicines;— Report  of  the  Committee  appointed  to  print  and  circulate  a  Report  on  Zoological 
Nomenclature  : — Report  of  the  Committee  appointed  in  1842,  for  Registering  the  Shocks  of 
Earthquakes,  and  making  such  Meteorological  Observations  as  may  appear  to  them  desirable  ; 
—Report  of  the  Committee  i'or  conducting  Experiments  with  Captive  Balloons; — Professor 
Wheatstone,  Appendix  to  the  Report; — Report  of  the  Committee  for  the  Translation  and 
Publication  of  Foreign  Scientific  Memoirs ;— -C.  W.  Peach,  on  the  Habits  of  the  Marine  Tes- 
tacea ; — Edward  Forbes,  Esq.,  Report  on  the  Mollusca  and  Kadiata  of  the  .£gean  Sea,  and 
on  their  distribution,  considered  as  bearing  on  Geology ; — M.  Agassis,  Synoptical  Table  of 
British  Fossil  Fishes,  arranged  in  the  order  of  the  Geological  Formations ; — Richard  Owen, 
Esq.,  Report  on  the  British  Fossil  Mammalia,  Part  II.; — E.  W.  Binney,  Report  on  the  ex- 
cavation made  at  the  junction  of  the  Lower  New  Red  Sandstone  with  the  Coal  Measures  at 
CoUyhurst,  near  Manchester ; — W.  Thompson,  Esq.,  Report  on  the  Fauna  of  Ireland :  Div. 
Inveriebrata ; — Provisional  Reports,  and  Notices  of  Progress  in  Special  Researches  entrusted 
to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Earl  of  Rosse's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  FOURTEENTH  MEETING,  at  York,  1844., 
ISs.  4ef. 

Contents: — W.B.  Carpenter,  M.D.,F.R.S.,on  the  Microscopic  Structure  of  Shells; — Joshua 
Alder  and  Albany  Hancock,  Report  on  the  British  Nudibranchiate  Mollusca; — Robert  Hunt, 


Researches  on  the  Influence  of  Light  on  the  Gennination  of  Seeds  and  the  Growth  of  Plants ; 
— Report  of  a  Committee  appointed  by  the  British  Association  in  1840,  for  revising  the  No- 
menclature of  the  Stars; — Lieut.-CoIone1  Edward  Sabine,  R.A.,  F.R.S.,on  the  Meteorology 
of  Toronto  in  Canada ; — John  Blackwall,  F.L.S.,  Report  into  some  recent  researches  into  the 
"ifttructarei  Functions  and  (Economy  of  the  Araneidea  made  in  Great  Britain ;' — the  Earl  of 
Rosse,  on  the  Construction  of  large  Reflecting  Telescopes ; — the  Rev.  William  Vernon  Har- 
court,  F.R.S.,  Report  on  a  Gas  Furnace  for  Experiments  on  Vitrifaction  and  other  Applica- 
tions of  High  Heat  in  the  Laboratory  ; — Report  of  the  Committee  for  Registering  Earthquake 
Shocks  in  Scotland ; — Report  of  a  Committee  appointed  at  the  Tenth  Meeting  of  the  Asso- 
ciation for  Experiments  on  Steam-Engpnes ; — Report  of  the  Committee  to  investigate  the  Va- 
rieties of  the  Human  Race ; — Fourth  Report  of  a  Committee  appointed  to  continue  their 
Experiments  on  the  Vitality  of  Seeds  ; — William  Fairbaim,  Esq.,  on  the  Consumption  of  Fuel 
and  the  prevention  of  Smoke ; — Francis  Ronalds,  Esq.,  F.R.S.,  Report  concerning  the  Observa- 
tory of  the  British  Association  at  Kew  ;-<- Sixth  Report  of  the  Committee  appointed  to  conduct 
the  Co-operation  of  the  British  Association  in  the  System  of  Simultaneous  Magnetical  and 
Meteorological  Observations ; — Prof.  Forchhammer,  on  the  influence  of  Fucoidal  Plants  upon 
the  Formations  of  the  Earth,  on  Metamorphism  in  general,  and  particularly  the  Metamorphosis 
of  the  Scandinavian  Alum  Slate ; — H,  E.  Strickland,  M.A.,  F.G.S.,  Report  on  the  recent  Pro- 
gress and  present  State  of  Ornithology ; — T.  Oldham,  Esq.,  M.R.LA.,  Report  of  Committee 
appointed  to  conduct  Observations  on  Subterranean  Temperature  in  Ireland ; — Prof.  Owen, 
F.R.S.,  Report  on  the  Extinct  Mammals  of  Australia,  with  descriptions  of  certain  Fossils 
indicative  of  the  former  existence  in  that  Continent  of  large  Marsupial  Representatives  of 
the  Order  Pachydermata ; — W.  Snow  Harris,  Esq.,  F.R.S.,  Report  on  the  working  of  Whewell 
and  Osier's  Anemometers  at  Plymouth,  for  the  years  1841,  1842,  1843  ;— W.  R.  Birt,  Report 
on  Atmospheric  Waves ; — L.  Agassiz,  Rapport  sur  les  Poissons  Fossiles  de  I'Argile  de  Londres, 
with  translation; — J.  Scott  Russell,  Esq.,  M.A.,  F.R.S.E.,  Report  on  Waves; — ^Provisional 
Reports,  and  Notices  of  Progress  in  Special  Researches  entrusted  to  Committees  and  Indivi- 
duals. 

Together  with  the  Transactions  of  the  Sections,  Dean  of  Ely's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  FIFTEENTH  MEETING,  at  Cambridge, 
1845,  8& 

Contents. — Seventh  Report  of  the  Committee  appointed  to  conduct  the  co-operation  of 
the  British  Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Obser- 
vations ; — Lieut.-Coi.  Sabine,  on  some  points  in  the  Meteorology  of  Bombay ; — J.  Blake,  M.B., 
Report  on  the  Physiological  Action  of  Medicines  ; — Dr.  Von  Boguslawski,  on  the  comet  of 
1843; — ^R.  Hunt,  Esq.,  Report  on  the  Actinograph; — Prof.  Schonbein,  on  Ozone; — Prof. 
Erman,  on  the  influence  of  friction  upon  Thermo  Electricity ; — Baron  Senftenberg,  on  the 
Self-Registering  Meteorological  Instruments  employed  in  the  Observatory  at  Senftenberg; — 
W.  R.  Birt,  Esq.,  Second  Report  on  Atmospheric  Waves ; — G.  R.  Porter,  Esq.,  on  the  Pro- 
gress and  Present  Extent  of  Savings'  Banks  in  the  United-Kingdom  ; — Prof.  Bunsen,  and  Dr. 
Playfair,  Report  on  the  Gases  evolved  from  Iron  Furnaces,  with  reference  to  tlie  theory  of 
Smelting  of  Iron  ; — Dr.  Richardson,  Report  on  the  Ichthyology  of  the  Seas  of  China  and  Japan ; 
—Report  of  the  Committee  on  the  Registration  of  Periodical  Phaenomena  of  Animals  and 
Vegetables  ; — Fifth  Report  of  the  Committee  on  the  Vitality  of  Seeds  ; — ^Appendix,  &c. 

Together  with  the  Transactions  of  the  Section^,  Sir  J.  F.  W.  Herschel's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 
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